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Summary  of  the  Nature  and  Amount  of  Assistance 
afforded  by  the  Science  and  Art  Department  to 
the  Industrial  Classes  in  procuring  Instruction 
in  Science. 


[^Important  Alterations  made  eincM  the  lasiadditwn  of  the  Directory  are 
printed  in  Italics,'] 

I.  A  sum  of  money  is  voted  annually  by  Parliament 
for  scientific  instruction  in  the  United  Kingdom. 

II.  This  sum  is  administered  by  the  Science  and 
Art  Department. 

III.  The  head  of  the  Education  Department  of 
which  the  Science  and  Art  Department  is  a  branch 
is  the  Lord  President  of  the  Council,  assisted  by  a 
member  of  the  Privy  Council,  who  is  called  the  Vice- 
President  of  the  Committee  on  Education,  and  who 
acts  under  the  direction  of  the  Lord  President,  and 
for  him  in  his  absence.  (Order  in  Council,  25th 
February  1856,  Act  19  &  20  Vict.  c.  116.) 

IV.  The  object  of  the  grant  is  to  promote  instruc- 
tion in  Science  especially  among  the  industrial 
classes,*  by  affording  a  limited  and  partial  aid  or 
stimulus  towards  the  founding  and  maintenance  of 
Science  schools  and  classes.f 

V.  The  payment  of  fees  hy  the  students  Payn^ent  of 
can  be  looked  upon  as  the  only  solid  and  s^nu. 
sufficient  basis  on  which  a  self-supporting 

system  can  be  established  and  supported.  Though 
my  Lords  do  not  consider  it  necessary  at  present  to 
lay  down  any  rules  making  the  payment  of  fees  an 
absolute  condition  of  the  grants  on  account  of  Science 

*  Direct  payments  are  made  to  teachers  only  on  behalf  of 
adult  artisans,  or  the  children  of  artisans,  or  the  children  of 
persons  who  are  not  assessed  to  the  income  tax,  or  who  do  not 
possess  an  income  of  100/.  a  year.     (See  §  xiii.) 

t  The  amount  is  liable  to  be  decreased  and  eventually  with- 
drawn. Payments  to  teachers  therefore  must  not  be  looked  upon 
as  perpetual,  or  iA  any  conferring  on  the  teacher  a  claim  to  any 
payments  beyond  those  offered  for  each  current  year. 
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instruction^  yet  as  the  payments  fr<mi  the  State  must 
be  expected  to  diminish^  and  a^  aid  on  account  of 
those  persons  who  do  nothing  for  themselves  cannot 
he  jtatifted^  Committees  of  schools  and  classes,  and 
Teachers,  are  strongly  urged  (should  it  -43^  present 
not  be  the  practice)  at  once  to  impose^  as  high  a  scale 
of  fees  a^  they  consider  can  be  raised.npt  orihf^on 
middle  class  students  but  also  on  artisans. 

yi.  The  foilowing  are  the  Sciences  towards  .in- 
struction in  which  j^id  is  given : — 

GrROtfP  I. 

Subject  1,  Practical      Plane      and      Descriptive 

GeoKletry. 
),        2,  Mechanical  and  Machine  Drawing* 
„        3,  Building      Construction     or      Naval 

Architecture. 

Group  it. 

„         1,  Theoretical  Mechanics. 
j,        2,  Applied  Mechanics. 

Group  m. 

„         I,  Acoustics,  Light,  and  Heat^ 
,^ .       2,  Magnetism  and  Electricity. 

Group  IV. 
„         1,  Inorganic  Chemistry. 
„        2,  Organic  Chemistry. 

Group  v* 
„         I,  Geology. 
„        2,  Mineralogy. 

Group  VI. 
,,1,  Animal  ^physiology. 
„        2,  Zoology.  _  .  . 

Group  vii. 

n         1>  Vegetable   Phys^iology    and  Economic 

Botany. 
„        2,  Systematic  Botany. 

Group  viiik 
„         1,  Mining. 
„        2,  Metallurgy. 
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VII.  The  assistance  granted  by  the  Science  and 
Art  Department  is  in  the  form  of- — 

1.  Payments  on  results  to  certificated   teachers. 

(See  §  XV.,  xviii.,  xix.,  xx.,  and  xxi.) 

2.  Grants  towards  the  purchase  of  apparatus,  &c. 

(See  §  xxiii.) 
,  3*  Public  examinations  in  which  Queen's  Medals, 
Honorary  Certificates,  and  Prizes  are  a  warded, 
hekl  at  all  placed  complying  with  certain  con- 
ditions.    (See  §  xi.,  xii.,  xiv.,  xv,,  xvi.,  and 
ivii.)       On  the  results  of    these   examina- 
tions.the  payment  on  results  is  made  to  the 
teachers.     (See  §  xv.,  xviii.,  xix.,  and  xx.) 
VIII.  Examinations  for  certificates   to  ^^lunm^oM 
teach  any  ofthe  before-mentioned  sciences   clrtificateT* 
ate    held    annually,   commencing  in  the  first  week 
in  November,  at  South  Kensington.     Examinations 
will  also  be  held  in  Dublin  and  Edinburgh  if  five 
candidates  register    themselves  for  examination  in 
Ireland  and  in  Scotland.     Any  person  whatever  may 
attend  this  examination  by  sending  in  his  name  to 
the  Secretary  of  th^,  Science  and  Art  Department, 
before  the  15th  October,  stating  the  sul?ject  or  sub-- 
Jects  in  which  he  wishes   to  be  examined.      Certi- 
ficates of  three  grades  are  given  in  each  group  and 
each  subject.     These  certificates  are  only  considered 
as  simple  records  of .  the  results  of  examination  in 
the  various  sciences  before  mentioned^  entitling  the  . 
teacher  to  earn  payments  by  successful  teaching  in 
the  subjects  for  which  he  is  certificated. 

?.  iX.  Suitable  premises,  with  firing,  light-'  ^g*^^^'*' 
iog,  &Cm  must  bet  fi^und  and  maintained  "^^  ®  *  , 
afe>the  coak  of  the-  locality  where  the  school  or  class 
is  ifaeldi^  If  %t  tuiy  time  the  funds  da  not  cover 
thes^  tequisite  local  expenses,  it  must:  be  inferred 
that  there  is  no  such  demand  as  the  Government 
is  justified  in  aiding,  for  instruction  in  the  locality; 
atid  thei  assistance  of  the  Department  will  be 
withdrawn. 

X-  A  Local   Committee  of  not  less  ^j.^^^"'- 
than  five  well  known  responsible  persons  ' 
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must  be  formed  in  connexion  with  every  Science 
Class,  who  will  carry  out  the  instructions  contained 
in  Appendix.    See  Science  Directory,  pages  15  to  18. 

^ta^^"^  XI.  The  Science  and  Art  Depart- 
under  Cer-  ment  holds,  through  the  agency  of  each 
tificated  Local  Committee,  in  May  of  each  year, 
a  pubhc  exammation  of  ail  Science 
schools  and  classes  in  any  locality  throughout  the 
United  Kingdom  which  complies  with  the  requisite 
conditions.  On  the  results  of  this  examination  the 
payments  are  made  to  certificated  teacherd.  Appli- 
cation for  it  must  be  made  to  the  Secretary  of  the 
Science  and  Art  Department  before  the  end  of 
March  in  each  year,  stating  the  number  of  persons 
and  the  subject  or  subjects  in  which  they  are  to  be 
examined.  All  registered  Students  of  Science  Classes 
under  certificated  teachers  (except  Science  certificated 
teachers)  are  eligible  to  receive  Queen's  prizes  and 
Queen's  medals  under  the  conditions  hereafter  men- 
tioned.    (See  §  XV.,  xvi.,  and  xvii.) 

^/ A^***^°  XII.  A  school  or  class  taught  by 
Classes.  a  teacher  not  holding  a  certificate,  may, 
by  applying  to  the  Secretary  of  the 
Science  and  Art  Department,  be  examined  at  the 
same  time  and  in  the  same  manner  as  the  classes 
under  certificated  teachers ;  provided  that  a  Local 
Committee  be  formed  which  complies  with  the 
requisite  conditions.  (See  Appendix,  pages  15  to 
18,  Science  Form,  No.  88  a.)  If  the  class  be  for 
artisans  [the  pupils  are  eligible  to  receive  Queen's 
Prizes  and  Queen's  Medals  under  the  same  condition 
as  the  pupils  of  certificated  teachers.  Should  it  how^ 
ever  be  for  the  middle  classes  the  pupils  are  not 
eligible  for  prizes  and  medals^  but  receive  certificates 
of  merit  instead. 

Places  of  XIII.  If  two  or  morc  classes  in  the  same 

Examination.    .  ..f.  ^^        «.  ,  „ 

town,  or  Within  a  reasonable  distance  of 
one    another,  apply    for  the    examination   of    the 
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Science  and  Art  Department,  a  general  examination 
committee  must  be  formed  by  the  amalgamation  of 
the  several  Committees  to  carry  out  the  examina- 
tions at  some  common  centre,  such  as  the  town  hall 
or  other  public  building.  It  is  only  when  the  classes 
consist  of  100  or  more  candidates  that  such  amalga- 
mation of  the  committee  will  not  be  insisted  on  at 
present. 

XIV.  Any  persons  whatever,  whether  Elimination 
taught  by  the  certificated  teacher  or  not,  students. 
may  present  themselves  at  the  Local 
Committee's  examination  on  registering  their  names 
in  time  for  the  Local  Committee  to  comply  with  the 
instructions,  and  paying  a  registration  fee  of  not  more 
than  2^.  6d.  each.  Arrangements  must  therefore  be 
made  by  the  Local  Committee,  or  the  general  exami- 
nation committee,  as  the  case  may  be,  to  enable  other 
candidates,  besides  the  students  in  the  class  for  which 
the  Committee  act,  to  present,  themselves  at  this  ex- 
amination. The  registration  fee  of  2^.  6rf.,  which  such 
candidates  may  be  required  to  pay,  is  to  reimburse 
the  Committee  for  any  extra  expenses  incurred  by 
such  attendance,  and  may  at  their  option  be  remitted. 
These  candidates^  if  artisans,  are  eligible  to  receive 
Queen's  prizes  and  certificates  of  merit  {see  §  xvi. 
and  xviii.)  ;  if  registered  students  in  artisan  classes j 
they  are  eligible  to  receive  QueerCs  medals,  Queeris 
'prizes,  and  certificates  of  merit  under  the  conditions 
mentioned  in  §  xvi.  and  xvii.;  and  if  middle  class 
students  to  receive  certificates  of  merit. 

XV.  The  results  of  the  May  exami-  ^^^^^^f/''''' 
nation  are  classified  under  the  following 

heads: — (1)  first  class,  (2)  second  class,  (3)  third 
class,  (4)  honourable  mention,  (5)  pass,  and  (6) 
failed.  The  names  of  the  successful  candidates,, 
those  under  the  first  five  heads,  are  published.  The 
standard  of  attainment  required  may  be  raised  from 
year  to  year.  For  the  Pass  it  is  only  such  as  will 
justify  the  Examiner  in  reporting  that  the  instruction 
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has  been  sound,  and  that  the  students  have  benefited 
by  it.  Those  who  have  attained  a  higher  degree  of 
proficiency  are  classed  as  honourable  mention,  or  as 
3rd,  2nd,  or  1st  class,  according  to  their  merit. 

Queen'8         '     XVI.  To    the    Ist  ckss    are     giv^ix 
***'  Queen's  prizes  consisting  of  books  chosen, 

by  the  candidates  from  lists  furnished  for  that  pur- 
pose. These  are  unlimited  in  number,  except  that  a 
student  who  has  once  received  a  1st  class  Queen's 
prize  cannot  rjBceive  a  prize  in  the  same  subject 
again.  If  such  student  should  be  again  Successful, 
his  name  will  simply  be  recorded  in  the  published 

Ce  -fi  a  8     ^^®*^*     ^^  *^^  ^°^  *°^  ^^^  ^^^^  certifi- 
of  Merit.  ^      cates  of  merit  recording  the  result  of  the 
examination  are  given. 

MedSl*  XVII.  The  Queen's  medals  are— one 

gold  in  each  group,  one  silver,  and  two 
bronze  in  each  subject  for  competition  throughout  the. 
United  Kingdom. 

Onlff  registered  students  of  schools  and  classes 
under  Local  Committees  (see  §  xi,  and  xii.)  cayi 
obtain  medals.  They  cannot  be  taken  by  middle 
class  students  who  are  more  than  17  years  of  age. 
Students  who  but  for  this  restriction  would  have 
taken  the  medal,  will  receive  an  honorary  certificate 
instead.  Should  a  student  take  more  than  one  gold^ 
silver 9  or  bronze  medals  he  will  receive  books  instead 
of  a  second  medal. 

tSSIct?*^  XVIIL  The  payments  to  the  certificated 
teacher  are  as  follows:— r He  receives  1/. 
for  every  student  of  the  industrial  classes  who  has 
received  40  lessons  from  him  in  the  subject  in  which 
he  is  certificated,  and  passes  in  such  subject  of 
scientific  instruction ;  21.  for  every  one  who  is 
honourably  mentioned  >  3/.,  4/.,  or  5/.  for  every  one 
who  takes  a  3rd,  2nd,  or  Ist  class.  These  students 
must  have  received  40  lessons  at  least  from  the 
teacher  since  the  last  examination  at  which  payment 
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was  claimed  on  their  account.  The  40  lessons  need 
not  necessarily  be  all  given  in  one  year,  but  may 
extend  over  a  longer  period*  5/.  is  the  maximum^ 
that  can  ever  be  claimed  on  account  of  the  instruction 
of  any  one  pupil  in  a  subject,  and.  this^  only ^^ sub-, 
ject  to  theredtwiion^  entailed  by  ^  a;ix.  and  xx.  That 
is  to  say,  for  a  pupil  taking  a  ist  class. for  whom  at 
a  previous  examination  the  teacher  received  3/.  for  a! 
3rd  class,  he  can  only  claim  2/.  If  the  same  pupil 
had  previouriy  taken  a  2nd  class  the'  teacher  could 
cnily  claim  \L  on  his  account,  and  so  on.  • 

XIX.  If  a  student  be  successful  at  the  examinQ' 
tion  in  more  than  one  suhject,  the  teacher  can  onlw 
claim  half  of  the  above  payments  in  respect  of  sucii 

further  subject  in  which  he  is  successful. 

XX.  Payments  ore  only  made  on  the  foregoing 
scale  when  they  amount  to  not  mor^than  60/.  When 
on  this  scale  they  would  amount  to  more  than  60/.  the 
excess  up  to  401.  is  diminished  Ip  one  quarter^  the 
excess  above  40/.  by  one  half  Thus  payments  which 
on  the  above  scale  would  be  100/.  and  1501.  will  be 
reduced  to  90/.  and  1 15/.  respectively.* 

XXL  The  claim  of  a  master  for  the  f^^""^^^^ 
payments  under  these  several  heads  Is  ^^  aj^en 
made  on  Science  Form  No.  51,  which  will  be  sent 
on  application.  The  voucher  must^  be  signed  by 
the  secretary  and  two  members  of  the  committee 
of  the  science  class  or  school;  or  by  at  least  three 
of  the  committee.     (See  Appendix,  page  19-) 

XXil.  A  school  register  according  to  ^^l^ 
<m  approved  form  must  he  k^tf  which     ^^*   '      ^^ 
wUl  be  examined  by  the  Inspector  on  his. visits  and 
must  he  sent  to  the  Departn^ent  when  required^  and 
approved  before  any  payment  cam  benictde.  < 


♦  Thus,  100,  that  is]  60+40,  is  reduced  to  604-40-^  of  40 
=  60+30=90.  150,"  that  is,  60+40  +  50  is  reduced  to 
60+30+25=115. 
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Grantsfor  XXIILAgrant  towards  the  purchase  of 

pparatufl.  apparatus,  diagrams,  &c,,  of  60  per  cent, 
on  the  cost  of  them,  is  made  to  science  schools  and 
classes  in  Mechanics'  and  similar  institutions  where 
the  teacher  is  certificated,  and  to  the  extent  of 
5/.  to  other  poor  schools  and  classes.  A  requisi* 
tion  must  in  these  cases  be  made  on  Science  Form, 
No.  49. 

Travelling  XXIV.  The  travelling  expenses  (se- 

Teachers.  coud-class  railway  fare,  and  10^.  per 
diem  personal  allowance)  of  a  candidate 
in  attending  the  November  examination  are  paid  if 
he  be  successful  in  taking  a  certificate  or  in  improving 
the  grade  of  one  he  has  already  taken,  provided  the 
candidate  is.  bon&  fide  engaged  in  tuition,  or  is  pre- 
paring for  tuition. 

instenctioii  in         XXV.  All  payments    to    certificated 

an  Elementary      .1  i.^c»-  xi.' 

School.  teachers  on  account  of  Science  teaching 

are  made  by  the  Science  and  Art  De- 
partment, and  are  only  made  in  respect  of  a 
school  in  connexion  with  the  Science  and  Art  De- ' 
partment.  They  do  not  apply  to  any  instruction 
in  Science  that  may  be  given  during  the  three 
attendances  of  an  Elementary  School  receiving  aid 
from  the  Education  Department,  Whitehall. 

EiCT^enta  XXVI.    Thcsc  grants  are  only  made 

Schoor  ^        while  the  teacher  is  giving    instruction 
Fremises.  }„  a  day   or   evening    school   or    class 

for  the  industrial  classes  (adults  or 
boys),  approved  "by  the  Science  and  Art  Depart- 
ment, and  open  at  any  time  to  the  visit  and  in- 
spection of  its  officers.  The  Managers  of  an 
Elementary  School  under  the  inspection  of  the 
Education  Department  can  permit  such  part  or 
parts  of  their  premises  to  be  used  for  Science 
teaching  as  shall  not  interfere  in  any  way  with  the 
three  attendances  of  the  Elementary  School. 
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XXVII.  The   certificated   teacher  of  ^"^^^ 
an    elementary  school  who    has   pupil-      ^  '*^^  ^' 
teachers    to    teach    cannot    receive    payments    on 
account  of    Science  teaching,  even    if  holding    a 
Science  certificate. 

XXVIIL  But  certificated  teachers  ^^^^^""^ 
of  elementary  schools  receiving  aid  from  ^  '  ^^ 
the  Educational  Department  who  have  not  pupil- 
teachers  to  teach  have  their  time  out  of  school- 
hours  at  their  own  disposal,  so  far  as  official  regu- 
lations are  concerned,  and  may  if  further  certificated 
in  Science  give  scientific  instruction  under  the  Science 
and  Art  Department. 
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APPENDIX. 


EXHIBITION Sj*  SCHOLARSHIPS,  AND  PRIZES,  AT' 
\      •;  THE  ROYAL.  SCHOOL  OF  MINES. 

"*  At  the  May  1864  exaininatibu  the  following  Royal'  Bxhibitions^'aiid 
'Free  Admissions  to  the  Royal  Sdiool  of  Mines  wfllj>e  open  for  coloipe- 
Jtition  in4^l£end0nt  ef  the'piizes>-  &g. -offered  by  the  Science  and  Ajrt 
"pepartment. 

Royal  Exhibitions,  .;  ■ 

1.  Two  Royal  Exhibitions  of  the  value  of  50/.  per  annum  entitling  the 
holders  to  me  admissions  to  all  the  lectures^  and  the  Chemical  and 
Metallurgical  Laboratories  at  the  Royal  School  of  Mines^  to  be  held  from 
year  to  year  for  three  years  on  the  condition  that  the  holder  attends  the 
lectures  and  passes  the  examinations  required  for  the  associateship  of  the 
School. 

The  competition  for  the  Royal  Exhibitions  will  be  determined  by 
affixing  the  following  values  to  the  several  results  of  the  May  examina- 
tion,  VIZ. : — 


To  a  1st  grade  Queen's  Prize,  in  i 

To  a  2nd   ,,                  „ 

Toa8rd    „ 

To  an  honourablo  mention 

To  a  pass       -       -          -          - 

ftny  subject 

y* 

»» 

• 

-  9  marks. 

-  1     » 

and  in  addition — 

For  a  gold  medal 
For  a  silver  medal 
For  a  bronze  medal 

»i 

- 

-18     „ 

N.B.— Science  Certificated  Teachers  ma^ 

compete  for  the  Boyal  Exhibitions. 

Fbee  Admissions. 
2.  Free  admissions  to  the  lectures  at  the  School  of  Mines. 

A  free  admiEsion  is  granted  to  any  person  who  takes  a  gold  medal  in  the  May 
examination. 


There  are>in  addition^  the  following  Scholarships  attached  to  the 
School — 

His  Royal  Highness  the  Duke  of  Cornwall's 
scholabships. 

His  Royal  Highness  the  Prince  of  Wales,  as  Duke  of  Cornwall,  has 
granted  two  scholarships  of  30/.  each.  One  becomes  vacant  every  year, 
and  will  be  competed  for  by  those  students  only  who  have  passed  the 
examinations  of  the  first  two  years  of  the  curriculum  required  for  as- 
sociates.   It  is  held  for  two  years  by  the  successful  competitor. 
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BOYAL    SCHOLABSHIPS. 

'  Two  Bcliolarsliips  of  15/.  each  are  given  to  the  atudents  who  shall 
'stand  highest  on  the  list  of  those  who  have  passed  their  examinations 
for  the  £b*st  year — and  a  scholarship  of  25/.  to  that  pupil,  not  being  the 
Duke  of  Cornwall's  scholar,  who  passes  the  best  examinations  after  the 
end  of  the  second  year.  These  scholarships  will  be  granted  to  those 
^students  only  who  have  obtained  first-class  places  in  the  examinations 
of  their  year,  or  in  those  of  at  least  two  of  the  Professors  in  the  case  of 
such  (Students  as  take  the  two  first  years  in  one. 


For  further  particulars  see  prospectus  of  the  "  Royal  School  of  Mines/' 
to  be  had  on  application  at  the  Museum  in  Jenny n  Street. 


SCIENCE  FORM,  No.  88. 


LOCAL  COMMITTEES  FOR  SCIENCE  SCHOOLS 
AND  CLASSES. 

LA  Local  Conunittee  of  not  less  than  five  well-known  responsible 
persons  must  be  formed  in  connexion  with  every  Science  class,  in  order 
to  comply  with  the  necessary  requirements  of  the  Science  and  Art  De- 
partment, and  to  carry  out  various  arrangements  on  its  behalf  necessanr 
for  testing  the  ef&cieney  of  the  science  instruction,  on  the  proof  of  which 
alone  the  aid  of  the  Department  is  given. 

'  2.  The  gentlemen  proposed  to  act  on  this  Committee  are  to  fill  in  the 
form  on  the  next  page,  stating  their  willingness  to  carrv  ^out  the 
jaecessary  arrangements  for  examinations,  &c.,  and  giving  the  address 
4nd  occupation  of  each  member. 

3.  The  relation  of  the  Conunittee  to  the  teacher  of  a  Science  school  or 
class  will  vary  much  according  to  the  varying  circumstances  of  different 
localities.  In  some  places  ^ere  the  demand  for  science  instruction  is 
great,  and  there  is  an  energetic  local  teacher  to  take  advantage  of  it^  the 
chief  duty  of  the  Local  Conunittee  may  be  to  give  the  teacher  the 
necessary  vouchers  for  obtaining  his  payments.  While  in  other  places, 
where  those  who  take  an  interest  in  and  wish  to  furtlier  science  instruc- 
tion may,  with  that  object,  subscribe  to  and  establish  scientific  classes 
■either  in  connexion  with  an  existing  institution  or  not,  and  may  engage 
A  teacher  certificated  in  science  to  instruct  the  classes,  the  teacher  must^ 
to  a  great  extent,  be  the  i)aid  officer  of  the  Committee.  With  these  local 
arrangements  the  Science  and  Art  Department  does  not  interfere,  but 
leaves  them  to  the  locality  to  settle.  The  local  circumstances  will  de- 
termine whether,  as  in  the  first  case,  the  master  receiving  the  whole  of 
the  fees  for  instruction  should  provide  at  his  risk  the  room  for  instruc- 
iion,  ^dth  the  necessary  firing,  lighting,  &&,  or  what,  as  in  the  second 
case,  should  be  the  proportion  of  tne  fees  deducted  on  this  account  by  the 
Conunittee. 

4,  The  Science  and  Art  Department  requires  that  the  Local  Committee 
Bhall— 

a.  Be  responsible  for  the  safe  custody  of  all  apparatus  towardlB  the 
purchase  of  which  the  Department  has  paid  50  per  cent. 
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b.  That  they  shall  provide  a  room  or  rooms  of  sufficient  size  to  cany 
out  the  annual  examination  according  to  the  detailed  regulations 
under  that  head.  This  examination  is  of  all  persons  who  wish  to 
present  themselves,  and  not  only  of  those  taught  by  the  certifi- 
cated teacher ;  but  those  persons  who  are  not  taught  by  the  certi- 
ficated teacher  must  send  in  their  names  before  the  1st  March,  and 
may  be  required  to  pay  a  registration  fee  of  2$.  6d,  for  the  whole 
examination. 

c.  That  a  school  register,  showing  the  attend ance,  number  of 
lessons,  payment  of  fees,  &c.,  on  an  approved  form,  be  kept 
properly  filled  up,  and  sent  to  the  Science  and  Art  Department 
when  required. 

d.  That  they  shall  send  in  to  the  Secretary  of  the  Science  and  Art 
Department  the  list  of  students  to  be  examined,  before  the  end  of 
March,  specifying  the  subjects  in  which  they  are  to  be  examined. 
That  they  shall  be  responsible  for  conducting  and  superintending 
the  examination :  giving  out  the  examination  papers  which  will  be 
sent  for  that  purpose :  seeing  them  worked  feirly  and  certifying 
to  the  same,  not  less  than  three  of  the  Committee  being  always 
present :  and  sending  the  worked  papers,  under  seal,  by  the  day's 
post  to  the  Secretary  of  the  Science  and  Art  Department. 

e.  That  they  shall  certify,  firstly,  that  those  students  on  whose  ex- 
amination the  teacher  bases  his  claim  to  payments  on  results,  are 
artizans  or  operatives,  or  their  children,  or  can  claim  as  such  (see 

I  Science  Form,  No.  61) ;  and,  secondly,  that  they  have  received  40 

lessons  at  least  from  the  teacher  in  the  year  or  since  the  last  exami- 
nation, on  their  passing  at  which  payment  was  claimed  on  their 
account. 

5.  The  Science  school  or  class  must  be  at  all  times^  open  to  the  visit 
and  inspection  of  the  officers  of  the  Science  and  Art^  Department  as  a 
condition  to  the  grant  of  aid  from  it ;  if  at  any  time  it  is  found  that  the 
apparatus,  &c.,  towards  the  purchase  of  which  a  grant  has  been  made  is 
not  properly  taken  care  of,  or  that  a  proper  room  with  firing,  lighting,  &c., 
is  not  provided  for  the  class,  the  aid  of  the  Department  will  be  with- 
drawn. 


PoBM  of  Application  to  act  as  a  Committee  for  a  Science  School  or  Class. 

We  the  undersigned, 

[1.  The  Committee  shall  be  composed  entirely  of  well-known  responsible  persons 
of  position  who  are  quite  independent  of  the  school  or  class,  and  who  nave  no 
such  personal  interest  in  it  as  can  lay  them  open  to  the  slightest  suspicion  of 
partiality;  and  of  course  no  member  should  be  connected  with  the  Teacher, 
have  any  pupils  for  examination,  or  be  a  pupil  himself. 

2.  It  is  very  desirable  that  as  manv  persons  as  possible  in  recognized  positions  of 

public  responsibility  in  the  district,  such  as  Magistrates,  Municipal  Autho- 
rities (Mayor.  Aldermen,  or  To\in  Councillors),  Head  of  Educational  Estab- 
lishments (Trustees  of  Grammar  Schools,  Managers  of  National  Schools), 
Clergymen,  &c.,  should  be  on  the  Committee. 

3.  It  is  absolutely  necessary  that  at  least  two  such  responsible  persons  should 

agree  to  act. 

4.  The  Committee  must  consist  of  a  Chairman,  Secretary,  and  at  least  three  other 

Members. 
6.  The  Chairman  must  be  a  Magistrate,  Mayor,  Boroughreeve,  Provost,  or  Alder- 
man, or  other  public  officer  of  recomized  position.  Trustee  of  Grammar 
School^  or  Clerayman  of  the  Established  Church  in  parochial  employment. 

6.  The  Chairman  of  the  Committee  will  inform  My  Lords  as  to  the  constitution  of 

the  Committee  being  in  accordance  with  these  requirements. 

7.  The  Secretaiy  of  the  tlommittee  of  the  Science  School  or  Class,  as  being  the 

medium  of  communication,  will  carry  on  all  correspondence  with  the  Sraence 
and  Art  Department,  and  is  held  responsible  for  making  out  and  sending  all 
returns  required,  for  the  receipt  and  distribution  of  the  examination  papers. 
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the  transmission  of  the  worked  papers,  Ao.,  at  the  proper  times  according  to 
the  regulations ;  and  in  consequence  ot  the  necessary  demands  on  his  time 
and  trouble  My  Jjords  have  sanctioned,  provisionally,  the  payment  to  him 
of  the  following  fees :— 3Z.  for  the  duties  connected  with  any  'Seionco  school 
or  class  consisting  of  6  or  more  pupils  which  is  examined,  and  1/.  in  a  Idition 
for  each  further  day's  examination  held.  The  Secretary  must  he  a  member  of 
the  Committee;  the  requirements  in  s.  1  apply  equally  to  him. 
8.  This  form  is  to  be  filled  in  and  returned  to  the  Department  annually  before  the 
16th  December,  except  in  the  case  of  new  schools  or  classes,  when  it  should 
be  made  as  soon  as  they  are  formed.] 

propose   to    act  as  the    Local  Committee  for  the  Science  Class  held  at 


and  taught  by 

We  undertake  for  the  year  at  least,  and  further  till  another  Committee 

satisfactory  to  the  Science  and  Art  Department  has  been  appointed. 

1.  To  be  responsible  for  the  safe  custody  of  all  the  Apparatus,  Dia** 
grams,  &c.,  towards  the  purchase  of  which  the  Department  has  in  any 
way  contributed. 

2.  That  three  or  more  of  our  number  wiU  be  ready  at  the  appointed  time 
to  be  present  at,  and  superintend,  the  examinations  of  the  Science 
Class  according  to  the  instructions  of  the  Science  and  Art  Depart- 
ment, and  give  the  teacher  the  necessary  vouchers. 

3.  That  a 'room  or  rooms  shall  be  provided  for  the  due  carrying  out  of 
such  examination,  according  to  the  rules  of  the  Department,  providing 
sufficient  space  for  the  examination,  not  only  of  all  persons  taught  hj 
the  certificated  teacher,  but  of  all  others  who  may  wish  to  attend  the 
examination. 

(A  fee  of  not  more  than  2s.  Qd,  may  be  charged  on  each  applicant  for 
examination  who  is  not  a  student  in  the  class,  to  reimburse  the  Committee  in 
any  extra  exi>enBes  they  may  be  put  to  in  providing  a  room). 

4.  That  the  School  or  Class  shall  be  open  at  any  time  to  the  visit  and 
inspection  of  the  Officers  of  the  Science  and  Art  Department. 


SlGITATUKE. 

OccupA.Tioir. 

Chairman, 

Secretary, 

I  certify  that  this  Committee  complies  with  the  requirements  of  the  rules 
1,  2,  3,  4,  and  6. 

Chairman, 

The  Secretwy, 

Science  and  Art  Department. 

This  form  may  he  had  on  application  to  the  Secretary,  Science  and  Art 
Department,  South  Kensington, 
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SCIENCE  POBM,  No.  88  a. 

South  Kensington,  August  1863 


LOCAL  COMMITTEES  FOR  SCIENCE  SCHOOLS  AND  CLASSES 
NOT  RECEIVING  AID  FROM  BUT  EXAMINED  BY  THE 
SCIENCE  AND  ART  DEPARTMENT. 

-This  Form  is  a  modification  of  the  preyions,  No.  88.,  and  may  be  had  «&:  • 
application  to  the  Secretary,  Science  and  Art  Department,  South  Kensington. 


FORM  No.  368. 

The  foUowing  form,  which  maif  be  had  on  application  to  the  Secretary,  Science  and 
Art  Department,  ieflUed  up  in  italics  as  an  example  qf  the  manner  in  which  U 
thouXd  he  done. 

Air  AocoriTT  of  Tratelling  avd  Pebsonal  Expenses  disbubsed  ahs  gaabged 

BY 

Thomas  Jones, 
Prom  the  9nd  January  18^,  to  the  tfih  January  l8tfo. 


I  hereby  oertif^r  that  the  travelling  espenaes  detailed  below  have  been  actually  dis- 
bursed by  me  in  travelling  in  the  execution  of  my  public  duties,  that  the  personal 
expenses  are  charged  accormng  to  the  regulations,  and  that  the  total  sum  of  £ 
is  due  to  me  for  the  services  stated. 

Thomas  Jones. 
[Name  and  title  of  ofiBcer  to  be  apedfled.] 
Teacher  dfCaamUsAry  in Sdwol  qf  Manchester. 


Date 

upon  which  the 

services  were 

Performed. 


486o, 
9nd  January, 
srd  January. 
4th  January. 


In  this  column  must  be  stated  the  sendee  on  account  of 

which  the  journeys  were  performed,  and  the 

details  of  the  expenses  incurred. 


lb  attend  examination  in  Chemistry  held  at 
South  Kensington  on  srd  January  id6o. 

Baikoay  fare  from  Manchester  to  London 
{»nd  Class) 

Omnibus  fare  to  and  from  Huston  Square  and 
South  Kensington 

MaUway  fare  from  London  to  Manchester   - 

»  days' personal  allowance  at 'fos. 


i   4.   0 


0    4     0 

440 


Total 
Akouex^ 


s   9 


8   g 


'N(yiv.— Should  the  sueces^l  candidate  live  in  London  or  near  enough  to  get  home 
at  night,  he  is  only  to  beaUowedss.  per  diem  besideshis  travelHng  expenses. 


Examined  and  approved. 


_Secretaiy. 


Received  this ^iay  of_ 

^ .shillings  and , 

£ 


_18     ,  the  sum  oC 


.pounds 


..pence  in  payment  of  the  above  ao^ount. 
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Application  /r<m_ 


SCIENCE  FORM  No.  51. 
. Science  Teacher  in 


School  or  Institution  at_ 


^or  payment. 


Sir, 

Being  certificated  in  the  subjects  of  science  for  teaching  whicb  the  follow- 
ing claim  is  made,  I  request  that  the  sum  of  £ ^being  the  allowance 

for  the  year  ended 186    ,  according  to  the  regulations,  on  the  students 

liamed  below,  may  be  paid  to  me  ;  and  I  append  certificates  from  the  Com- 
mittee of  Management  that  the  conditions  upon  which  the  allowance  is 
authorized  have  been  duly  fulfilled. 


On  behalf  of  the  Committee  of  Management  of  this  School,  We  do  hereby 
certify : — 

(1).  That  Mr. has  duly  performed  the  various  duties 

devolving  upon  him  as  a  Science  Teacher  in  the  School,  during  the 

ending day  of 186    .  ^ 

(2).  That  he  has  given  the  following  Students  at  least  40  Lessons  during 
the  year,  or  since  the  last  examination  at  which  payment  was  claimed 
on  their  account. 
(3J.  That  the  under-mentioned  students  are  artizans  or  operatives  *  in  the 
receipt  of  weekly  wages,  or  their  children  not  earning  their  own  livelihood, 

Secretary. 

}Two  meow 
hers  of 
Committee. 

Names  of  passed  Artisan  or  Operative  Students,  ». 

-These  must  be  arrang^eid  alphabetically  in  each  subject,  the  name  of  the  subject 


N.B. 


1  of  each  list  of  names. 


"Surname.    Christian 
--       name  in  full. 

Afrelast 
Birthday. 

Trade,  or 

father's  trade. 

(State  which 

is  given). 

Position  at 

the  late 

Examination. 

Highest  positkfn 

at  any  previous 
Examination.  . 

1. 

2. 

3. 

4. 

5. 

^ 

6. 

7. 

8. 

9. 

10. 

&C.            &C. 

*  Should  the  Teacher  have  instructed  any  Students  who  may  fairly  be  considered  to 
belong  to  the  artisan  or  operative  class,  but  whose  wages  are  paid  at  longer  Intervals 
than  a  week,the  claims  on  their  account  must  be  made  by  the  Committee  of  the  School 
on  the  form  on  page  18,  when  they  will  be  considered  on  their  merits. 
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On  belialf  of  the  Committee  of  the  School,  We,  the  nndenigned,  beg  leaye 

to  recommend  that  the  Teacher,  Mr be  allowed  to 

claim  the  allowances  on  the  following  students,  whom  we  consider  may  fidrly 
be  taken  as  belonging  to  the  operative  classes.    We  certify  : — 

(1).  That  he  has  given  them  forty  (40)  lessons  at  least  daring  the  year,  or 
since  the  last  examination  at  which  payment  was  claimed  on  their 
account 
(2).  That  they,  or — in  case  they  are  not  earning  their  own  livelihood — ^their 

others  are  not  assessed  to  the  income  tax. 
(3).  That  the  following  particulars  on  which  the  Teacher  grounds  hia 
application  are  correct. 

Secretary. 

"I  Two  mem- 

V     bers  of 

J  Committee. 


Names  op  Passed  Students  cLAixma  as  Industrial  Classes. 


N.B.^These  must  be  arranged  alphabetically  in  each  subject,  the  name  of  the  subject 
being  placed  at  the  head  of  each  list  of  names. 

Surname.    Christian 
nameinftQL 

Age  last 
Birthday. 

Trade,  or 
father's  trade. 
(State  which 

is  given). 

Position  at 

the  late 

Examination. 

Highest  position 

in  same  subject 

at  any  previous 

Exammation. 

1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

9- 

in. 

&c.         &c. 

I  am,  Sir, 

Your  obedient  Servant, 


Signature  of  Master_ 


"The  Secretary, 

Science  and  Art  Department 


(The  following  particulars  will  be  filled  up  at  South  Kensington), 
flheamined  and  found  correct  to  the  extent  of 


Approred^ 


_day  of_ 
_day  of  _ 


.186 
_186 
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CONDITIONS    UNDER  WHICH  APPARA.TUS,  INSTRUMENTS^  BOOKB, 
&C.    MAY    BE    OBTAINED    BY     SciENCE    ScHOOLS     OR     ClASBRS 

(taught   by  a    Teacher   certificated    in   Science),*   in 
Public  Schools^  Mechanics'  Institutions,  &c. 

I.  The  Lords  of  the  Committee  of  Council  on  Education,  having  had 
imder  their  consideration  several  applications  from  the  managers  and 
masters  of  Mechanics'  and  other  Institutions,  for  grants  to  he  made  to 
them  of  Apparatus  and  Illustrations,  recommended  hj  the  Science  and 
Art  Department  for  teaching  science,  think  it  necessary  to  adopt  some 
general  principle  which  shall  regulate  the  decisions  of  the  Committee  in 
reference  to  such  applications. 

Their  Lordships  have  already  fully  recognized  the  great  importance  of 
practical  science  to  all  classes  of  the  commimity,  in  all  relations  of  life. 
They  are,  therefore,  desirous  that  the  Science  and  Art  Department  should 
assist,  as  far  as  possible,  in  promoting  the  distribution  of  diagrams  and 
apparatus  as  the  means  of  accompUshing  this  object;  but  as  the  in- 
discriminate giffc  of  these  aids  for  instruction  to  all  applicants  might  lead 
to  abuse,  it  is  necessary  to  require  some  guarantee  that  they  will  be  duly 
appreciated,  which  the  mere  request  to  have  them  does  not  imply. 

The  principle  which  governs  the  whole  proceedings  of  the  Department 
in  all  its  branches  is  to  afford  partial  aid,  and  to  encourage,  but  not 
supersede  public  exertions  in  promoting  education  in  science.  Tliey  haye» 
therefore,  resolved  that  the  Department  shall  have  the  power  to  assist 
schools  and  classes  taught  b^  a  certificated  teacher  in  Mechanics'  and 
other  institutions  in  purchasing  diagrams  and  apparatus  for  teachinff 
science  at  a  reduction  of  50  per  cent,  on  the  net  cost. 

lists  of  the  scientific  diagrams  and  apparatus  prepared  by  the  Depart- 
ment, according  to  conditions  of  the  following  Minute,  may  be  obtamed 
of  the  Secretary  of  the  Science  and  Art  Department,  South  Kensington, 
London,  W.  It  should  be  distinctly  unaerstood  that  the  aid  of  the 
Department  in  purchasing  these  articles  at  a  reduced  pnce,  if  above  10/. 
in  value,  can  be  granted  only  to  public  schools  and  institutions  when 
taught  by  a  certificated  teacher. 

Minut&ofthe  23rd  March  1860. 

**The  Lords  of  the  Committee  of  Council  on  Education  deshre  to  afford 
the  peatest  facilities  to  teachers  of  science  and  navigation  schools  in 
obtaming  the  best  instruments,  apparatus,  &c.,  for  giving  instruction  in 
science  and  navigation,  towards  the  purchase  of  which  the  Science  and 
Art  Department  is  authorized»to  pay  50  per  cent,  of  cost ;  and  they  con- 
sider that  the  fullest  opportunities  should  be  given  to  manufacturers  in 
all  parts  of  the  Kingdom  for  supplying  such  apparatus,  &c.  At  the  same 
time  it  is  necessary  that  the  Science  and  Art  Department  should  have 
some  guarantee  that  the  apparatus  and  instruments  are  of  good  quality^ 


•  ApiMuratus  not  exceeding  10^.  in  value  may  be  obtained  by  poor  Schools  and  Me- 
ohanics'  Institutes,  not  taught  by  a  certificated  teacher,  under  the  same  conditional 
that  \b,  the  Department  will  aid  them  to  the  extent  of  5J. 
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and  moderate  in  price.    My  Lords  have  therefore  laid  down  the  following 
rules  and  conditions : — 

"1.  Samples  of  all  articles  on  the  manufacturer's  list  are  to  be  sent  to 
the  Educational  Collection,  South  Kensington  Museum,  for  exhibition, 
where  thej  will  be  arranged  separately,  according  to  the  science  for  which 
they  are  intended,  so  as  to  afford  teachers  and  others  facility  in  inspect- 
ing them  and  making  a  choice. 

**2,  The  manufacturer  is  to  supply  priced  catalogues  of  such  articles 
printed  in  demy  8vo.,  in  order  that  the  various  catalogues  may  be  bound 
up  together  and  supplied  when  asked  for. 

"3.  The  manufacturer  is  to  guarantee  that  the  articles  exhibited  ire 
fyjT  samples  of  those  specified  in  the  priced  catalogue,  and  he  must  engager 
to  take  back  any  article  supplied  to  schools  which  may  be  inferior  to  the 
standard.'' 

:.  Manu&cturers  willing  to  comply  with  these  conditions  are  to  make  a 
statement  to  that  effect,  and  to  send  lists  of  apparatus,  instruments^ 
books,  &c.  in  the  following  sciences : — 1.  Practical  plane  and  descriptive 
geometry,  mechanical  and  machine  drawing,  and  building  construction  y 
S.  Physics  (mechanical  and  experimental);  3.  Chemistry;  4.  Geology 
and  mineralogy;  5,  Natuial  history  (zoology  and  botany,  vegetable  and 
s^nimal  physiologv) ;  6.  Navigation  and  nautical  astronomy,  and  physical 
geography.  If  these  lists  and  prices  are  such  as  can  be  approvea  of,  the 
manufacturer  will  be  informed,  and  as  soon  as  possible  on  his  fulfilling 
the  conditions,  his  hst  will  be  inserted  in  the  catalogue.  The  catalogue 
lyill  undergo  a  revision  at  least  once  a  year,  when  manufacturers  may 
send  any  improved  forms  of  apparatus,  &c. 

.  The  selection  of  the  manufacturer  will  lie  wholly  with  the  Committee 
6t  the  school.  On  their  demand  being  sanctioned,  the  manufacturer  will 
receive  instructions  to  supply  the  articles  upon  his  receiving  the  60  jper 
cent,  due  from  the  school. 

On  obtaining  a  receipt  £com  the  Committee  of  the  school  (whioh  i« 
included  in  the  form  of  the  requisition)  that  the  articles  have  been 
seceived,  the  ]|:emaining  50  per  cent,  will  be  paid  quarterly  to  the  mana-> 
^ftcturer  by  the  Depai&ent. 

2.  Payments,  including  charge  for  packing,  must  be  made  in  advanes: 
to  the  agents  on  receipt  of  the  invoice.  The  goods  to  be  sent  at  the  risk 
of  the  purchaser. 

All  communications  to  be  addressed  to  the  Secretary  of  the  Science 
and  Art  Department,  South  Kensington,  London,  W. 

By  Order  of  the 
Committee  of  Council  on  Education. 

N.B. — Apparatus  grants  will  in  future  be  rigorously  confined  to  articles 
of  a  permanent  and  non-destructible  nature;  hence  no  aid  will  be 
fifforded  in  the  purchase  of  breakable  articles,  such  as  glass  retorts,  test 
tubes,  &c.,  or,  indeed,  generally  in  the  purchase  of  articles  to  be  used  by 
the  student  as  distinguished  from  those  of  a  permanent  and  illustrative 
character  which  are  required  by  the  teacher  in  giving  instruction  in 
science. 
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SCIENCE  PORM,  No.  49, 

PoBM  of  Bequibitiok  whioh  may  be  had  on  application  to  the  Secretary, 

*    Science  and  Art  Department. 

The  following  Bequisition  for  Aid  ia  porohMing  apparatus,  fto.,  e^fter  being  fitted 
up  ae  required,  is  to  be  transmitted  to  "  The  Secretary  of  the  Science  and  Art 
I^partment,  South  Kensingt^^n,  London.  W." 

NJB.~It  is  to  be  understood  that  the  Department  has  a  lien  on  the  apparatus,  Ac., 
■  ftumished  to  public  institutions  to  the  amount  of  the  public  aid  given  in  supplying 
them ;  they  cannot  therefore  be  sold. 


1.  BsQuismoH  for  Aid  in  purchasing  apparatus,  Ac. 


Por  the  use  of- 
In  the  City  or  Town  of  (»)- 
.In  the  CJounty  of— 


{•)  Erase  the 
words  that 
do  not  apply. 

and 


Male  iPemale 


^  No.lapp)i- 
School  or  Institution  (')  cation  to  be 

filled  in  by 

' Bequision- 

isttWith 


I 


(>)  Pupils  (ArtizansorOperatiyes)  of  the  Science 
Class. 


(•)  Scholars  or  Members  of  Poor  School  or  Me- 
chanics Institute. 


fuUpai 
tieular 


Total. 


I  request  the  ud  of  the  Department  in  obtaining  from  M 

the  apparatus,  &c.,  named  in  the  opposite  page,  and  I  undertake  that  the  same  shall  be 
kept  and  used  in  the  above-mentioned  (■}  school  or  institution  for  which  they  have 
been  demanded. 

The  address  to  which  the  parcel  is  to  be  sent  is  as  follows  :— 

To  be  forwarded  to — 

par at 


Dated  this- 


Signature  of  Bequisitionist. 

-day  of 186  .. 


Requisition  sent  toM- 
tMs- 


dsy  of 


-186 


and  authority  given  for  the  supply  of  Articles  to  the  extent 
of  --,.--•-- 

Net  Sum         .         -         .         - 

-will  be  paid  by  the  Department,  and  £- 


Agent 


No.  2  to  be 
filled  in  by 
the  Depart- 
ment. 


ef  which  £ will  be  paid  by  the  Department,  and  £■ ,  together  with 

ihe  cost  of  packing,  by  the  school  or  institution,  previous  to  the  goods  being 
applied. 

_ Assistant  Secretary. 


3.  Invoice  of  articles  sent  to  Bequisitionist  as  under,  this- 

of 186    . 

Articles  (Retail  Price) 
Deduct  as  above,— 

Aid  by  Department    •         -         •  •  |- 


Add,  for  packing 
Total  to  be  paid  by  Bequisitionist 


day  NcStobe 
filled  in  by 
agent  on 
transmis- 
sion of  the 
invoice. 


4,  Aznount  £~ 


>. received  from  schools  this- 
.186   . 


— -daj  of  Nos.  4  and  6 

to  be  filled 
-  Agent,     in  by  agent. 


6.  Examples  forwarded  as  directed  above,  together  with  Bequisition,  this 

day  of '• 186.  . 

Agent.     «.    -.   V 

6.  Examples  as  per  invoice  received,  and  ♦Requisition  returned  to  Agent,  this 5l?*  ? .    P® 

-    daySf 1 186    .  -       fflledlnby 

Bequisitionist.     Requisition* 

'. < ^      Ist, 

*  It  is  requested  this  PM)er  may  be  returned  to  the  Agent  in  an  entire  state  after  ihe 
examples  have  been  received. 


Digitized 


byGoogk 


:24. 


SCIENCE  FORM,  No.  91. 


Rules  for  the  Conduct  of  Sciencj:  Examinations. 

1.  The  following  rules  must  be  hung  up  in  the  examination  room  for 
the  inforaiation  of  the  candidates  one  week  before  the  examination. 
They  must  also  be  read  aloud  before  the  Committee  and  the  candidates 
on  each  night  immediately  before  the  examination  begins. 

2.  A  room. or  rooms  of  such  a  size  that,  when  seated,  the  candidates 
shall  be  at  least  five  feet  apart,  from  centre  to  centre,  must  be  provided 
for  the  examination. 

3.  All  Diagrams,  &c.  must  be  removed  from  the  walls  of  the  examination 
room. 

4.  Ink  and  blotting  paper  must  be  provided  by  the  Committee  for 
the  use  of  candidates. 

6.  If  one  room  is  used  three  of  the  Committee  must  be  present  during 
the  whole  of  the  examination,  if  more  than  one  room  then  two  of  the 
Committee  per  room,*  who  must  carefully  watch  the  whole  examination 
and  see  that  candidates  use  no  unfair  means  either  by  assisting  one 
another  or  using  books  or  notes. 

6.  The  exammation  papers  will  be  forwarded,  under  cover,  to  the 
Secretary  of  the  Committee  so  as  to  be  received  by  him  on  the  morning 
of  the  day  fixed  for  the  examination. 

7.  The  candidates  must  be  seated  at  their  places  at  6.60  p.m.  After 
this  time  no  candidate  shall  be  admitted  except  under  very  exceptional 
circumstances,  and  that  only  by  express  permission  of  the  Committee. 
No  candidate  may  on  any  account  be  admitted  after  7.30  p.m. 

8.  The  examination  papers  must  be  opened  in  the  examination  room 
in  the  presence  of  the  Committee,  at  6.55  p.m.  No  examination  paper 
may  be  taken  from  the  room  till  after  8  p.m. 

9.  When  the  candidates  are  seated  ana  the  papers  given  out,  the  Com- 
mittee will  see  that  the  candidates  commence  by  filling  in  their  names,  &c., 
where  directed.  All  the  worked  papers  must  be  collected  at  10  p.m., 
initialed,  put  under  cover,  and  sealed  in  the  presence  of  the  members  of 
the  Committee ;  and  forwarded  by  the  first  post  to  the  Secretary  of  the 
Science  and  Art  Department. 

10.  Candidates  must  on  no  account  bring  anything  with  them  into  the 
examination  room,t  except  pens  and  pencils.  No  scribbling  paper  or 
anything  of  that  nature  must  be  allowed.  Arrangements  must  be  made 
by  which  all  books,  note-books,  &c.,  can  be  given  up  and  left  at  the 
door. 

11.  Candidates  must  not  on  any  pretence  whatever  speak  to  one 
another  i^er  the  papers  have  been  given  out.  If  a  canoidate  should 
require  to  ask  a  question,  he  will  hold  up  his  hand,  when  a  member  of 
the  Committee  will  attend  to  him,  but  no  question  on  the  meaning  of 
any  portion  of  the  examination  paper  must  be  asked  or  answered. 

12.  It  mav  be  of  service  to  the  Committee  that  the  teacher  of  the 
class  should  attend  before  the  examination  to  assist  in  getting  the 
candidates  into  their  places,  &c. ;  but  from  the  peculiar  character  of  the 
examination  it  is  so  very  necessary  that  not  the  slightest  opportuniW  for 
misconstruction  should  exist  that  it  is  evident  that  he  should  not  be  in 

*  When  there  are  not  more  than  three  candidates  it  .will  not  be  necessary  for  mor« 
than  two  members  of  the  Committee  to  be  present  at  the  examination, 
t  Bxcept  in  the  drawing  examination,  when  drawing  instruments  are  allowed. 
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the  room  after  the  examination  papers  are  opened.    Information  of  his 

having  remained  in  the  room  after  this  will  at  once  lead  to  the  examina- 

tion  being  declared  null. 

Note.— Should  the  teacher  of  the  class  wish  to  compete  at  this  examination  for 
the  Royal  Exhibitions  of  the  Royal  Sohool  of  Mines,  he  must  apply  especially 
to  the  Committee  for  permission,  so  that  they  may  arrange  to  have  a  table  for 
him  close  to  their  own  seats,  and  not  with  the  other  candidates. 

13.  The  examination  papers  being  given  out  no  candidate  must  be 
allowed  to  return  after  naving  once  left  the  room.*  On  a  candidate 
leaving  the  room  his  papers  must  be  taken  up. 

14.  At  10  p.m.,  precisely,  all  the  candidates  must  cease  working,  and 
members  of  the  Committee  will  collect  their  worked  papers  from  them 
at  their  places.  It  will  therefore  be  advisable  to  warn  them  ten  minutes 
before  the  time.  The  papers  will  be  initialed,  by  the  Committee  as 
directed,  as  they  are  received  from  each  candidate,  as  a  guarantee  that 
each  has  been  worked  by  him  whose  name,  &c.,  it  bears.  Should  a 
candidate  hkve  completed  nis  work  before  10  p.m.  he  may,  by  permission 
of  the  Conmiittee,  go  away  at  once,  after  his  worked  paper  has  been 
taken  bv  a  member  of  the  Committee. 

15.  Should  a  candidate  break  any  of  the  foregoing  rules,  ask  from  or 
give  information  to  another,  or  use  unfeiir  means  of  any  description,  he 
must  be  at  once  expelled  the  examination  room,  and  his  paper  cancelled^ 
and  the  Committee  will  state  on  it  the  cause  of  his  expulsion. 

16.  On  these  examinations  depend  large  grants  of  public  money.  On 
their  being  fairly,  honestly,  and  impartially  carried  out  depends  the 
continuance  of  the  system.  The  Committees  are  intrusted  mih  this 
duty.  They  will  see,  then,  how  necessary  it  is  to  be  extremely  careful  in 
conducting  them,  and  to  insist  on  the  foregoing  rules  being  complied 
with  to  the  letter. .  They  are  therefore  required  to  sign  and  forward  this 
form  with  each  set  of  worked  papers. 

We,  the  undersigned,  members  of  the  Committee  of  the  Science 
School  or  Class  held  at . . 

hereby    certify    that   we   were   present    during    the   examination   in 

"®1^  i^  *^® 

on  the  evening  of  the .  where  the  accompanving 

apers  were  worked  in  our  presence,  and  that  the  foregoing  rules  nave 
[  strictly  complied  with. 

Dated  this  .^ day  of 186   . 

Signatures, 


*  It  will,  therefore,  be  desirable  to  make  some  arrangement  for  the  candidates  to 
retire  within  the  room. 
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SYLLABUS  OF  THE  SUBJECTS  IN  WHICH  CERTIFI- 
CATES  AS  TEACHERS  OF  SCIENCE  ARE  GIVEN 
BY  THE  DEPARTMENT  OF  SCIENCE  AND  ART. 


The  following  Syllabus  has  been  prepared  in  order  to  afford  candidates 

for  certificates  as  teachers  of  Science,  some  guide  to  their  reading ;  but 

it  must  be  understood  that  the  questions  in  the  examination  need  not 

necessarily  be  on  the  specific  points  enumerated,  but  are  of  as  practical  a. 

.  nature  as  possible  in  the  subjects  of  which  the  outlines  are  here  indicated* 

The  examination  is  both  by  paper  and  vivA  voce,  and  satisfiictory 

evidence  may  be  required  of  the  teacher's  power  of  giving  information 

to  a  class.      The  groups  are  divided  as  shown,  the  examination  in 

.  each  subject  being  distmct,  so  that  candidates  may,  if  they  desire-  it, 

take  a  certificate  only  in  one  subject  of  a  group.     Mention  is  made  of 

text-books  solely  to  afford  a  candidate  some  assistance  in  selection  and  a 

general  idea  of  the  scope  of  the  examination,  and  not  at  all  to  confine  Ms^ 

reading  to  those  works  or  to  assert  that  they  are  the  best  on  the  subjeats 

they  treat  of. 

Any  certificate  obtained  at  the  examination  may  be  raised,  by  re- 
exammation,  in  the  next  or  any  following  November  to  a  higher  grade. 

A  Course  of  Lectures  as  detailed  below,  on  *'  Preparation  for  obtaining 
*'  Science  Certificates  and  the  Method  of  teaching  a^  Science  Class,"  Has 
been  dehvered  by  direction  of  the  Lords  of  the  Committee  of  Council  on 
Education.    The  lectures  may  be  purchased,  price  2d,  each,  at  the  book 
stall.  South  Kensington  Museum^^  or  on  appUcation  by  letter,  endosinff 
postage  stamps,  to  the  Secretary,.  Department  of  Science  and  Art,  South 
.  Kensington,  London,  W. 
Group  L    "  Geometrical  Drawing,  &c.  Prof.  T.  Bradley. 
„       n.  -  Mechanical  Physics         -  Rev.  B.  M.  Cowie,  M.A. 
„       in.-  Experimental  Physics      -  Prof.  Tyndall,  F.R.S. 
„       IV.-  Chemistry      -        -        «  Prof.  Hofinann,  F.R.S. 
„      V.  -  Geology         -        -        -  Prof.  Ramsay,  F.R.S. 

Mineralogy,  &c.     -        -  Prof.W.  W.  Smyth,  M.A.,F.R.S. 
.     „      VI.  •  Zoology         -        -        -  Prof.  Huxley,  F.R.S. 

„       VII.  Botany  -        -        -  Edwin  Lankester,  M.D.,  F.R.S. 

Navigation  and  Nautical  J.  Riddle,  F.R.A.S. 
—  ■  Astronomy. 

Physical  Geography        -  Dr.  G.  Kinkel,  F.R.G.S. 

A  Second  Course  has  been  delivered,  of  which  the  following  have 
been  published ; — 

Lecture  I.  -  Vegetable    Physio-  Edwin  Lankester,  M.D.,    3rd  February* 
logy  and  Econo-      F.RS. 

mic  Botany. 

Lecture  II.    Mechanical  Physics  Rev.  B.  M.  Cowie,  B.D.  10th  February. 
-Lecture  IV.  Mining-        *        -  W.  W.   Smyth,  MA.,  24th  February. 

F.RS. 
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SYLLABUS. 


QROUP    Z. 

FiACTicAL  Plane,  and  Dbscbiptivb  Gjbometry,  Mechanical 
-AND  Machine  Drawing,  and  Building  Construction. 

'  This  group  consists  of  three  subjects,  viz., — (first  suljject)  Practical 
Plane,  and  Descriptive  Geometry.  (Second  subject)  Mechanical  and 
Machine  Drawinf;r.    (Third  subject)  Building  Construction.   And  it  is 

Xn  to  the  candidate,  to  pass  in  either  of  the  subjects  alone,  or  in 
but  a  teacher  will  not  receive  any  payments  for  Subjects  II.  or  III. 
until  he  is  certificated  in  I. 

Subject,!. — Practical  Plane^  and  Descriptiye  Geometrjr. 

Practical  Geometry,  plane  and  solid ;  required  by  architects,  engineers,, 
.    mechanists,  shipbuilders,  and  others  employed  in  arts  of  construe- 

-      tion. 

The  candidate  is  expected  to  have  acquired  readiness  in  the  use 
of  the  usual  drawing  instruments  and  materials,  to  be  skilful  in  drawing 
lines  and  circles  in  Indian  ink,  plain  or  dotted,  of  different  degrees  ^ 
fineness ;  drawing  parallel  e^ui-distant  lines,  at  least  six  inches  long^ 
and  from  five  to  twenty  or  thurty  in  an  inch ;  drawing  from  ten  to  thirty 
Unes,  passing  through  one  point  and  forming  equal  angles ;  dividing  by 
trial  lines  and  arcs  into  any  number  of  emial  parts.  He  should  also  be 
able  to  mend  his  drawing  peixs,  and  other  instruments,  and  to  verify  his- 
rulers,  &c. 

Constructions  in  Plane  Geometry, 

h  To  draw  lines  through  given  points,  in  every  position,  dther 
parallel,  perpendicular  to,  or  to  form  any  piDposed  oblique  angle^ 
with  given  Imes. 

The  use  and  construction  of  the  protractor,  and  of  the  '*  scale  of  chords**^ 
for  these  purposes,  should  be  understood,  and  the  deduction  of  certain 
angles  from  the  direct  division  of  the  circle.  ■    . 

2..  To  draw  circles  or  arcs,  through  given  points,  to  touch  given  lines  or 
circles,  and,  conversdy,  lines  to  touch  circles. 

Required  in  drawing  framework  for  machinery,  architectural  design^, 
ornamentation,  &c 

3.  The  principles  of  drawing  symmetrical  forms  by  means  of  co-ordinates 
to  the  axis  of  symmetiy. 

This  is  the  basis  of  all  drawing,  of  all  objects  of  construction,  which 
are  universally  symmetrical,  not  only  in  architecture,  civil  and  naval^* 
but  in  machinery  and  engineering  works  of  all  kinds. 

4>  Constructions  of  figures  similar  to  given  rectilinear  or  mixtilinear 
figures. 

Here  the  construction  and  use  of  ** scales"  plain  and  comparative^ 
should  be  thoroughly  understood  and  explained,    and  the  princijiles  of 


'ing. 
the  pentagraph  and  eidograph,  in  facilitating'  copying  should  be  known. 
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5.  To  construct  rectilinear  figures  similar  to  given  ones,  but  with  a  pro* 

posed  area. 

6.  To  determine  by  construction  numerical  quantities  such  as  "/  m ; 

7.  To  construct  a  triangle,  any  three  parts  being  given. 

Used  in  levelling,  surveying,  and  the  determination  of  heights  and 
distances.  Great  accuracy,  neatness,  and  distinctness  of  construction, 
virill  be  insisted  on :  Geometrical  drawing  is  valueless  unless  it  possesses 
these  requisites.  A  few  illustrations  of  constructions  on  the  ground,  by 
means  of  a  "  chain,"  pins  and  cords,  necessary  in  surveying,  and  "  setting 
out "  buildings  and  earthworks,  may  be  added  to  the  course,  as  well  as 
the  solution  of  a  few  elementary  problems  by  means  of  the  compasses 
alone. 

8.  The  delineation  of  a  few  of  the  curve  lines  required  in  the  arts,  such 

as  the  ellipse,  cycloidal  curves,  the  involute  and  sinusoid,  with  the 
graphical  method  of  determining  their  tangents  and  normals. 

Required  in  designing  elliptic  arches,  oblique  bridges,  teeth  of  wheels* 
cam-work,  screws,  ac. 

9.  Practice  in  tinting  and  shading  with  Indian  ink,  so  as  to  express 

curved  surfaces  and  shadows. 

For  the  preceding  part  of  the  course,  a  fair  knowledge  of  the  first  six 
books  of  Euchd  is  strongly  enjoined,  some  acquaintance  also  with 
trigonometry  will  be  of  service,  as  without  such  previous  knowledge, 
the  learner  is  simply  copying  what  is  set  before  him,  and  cannot 
attain  the  highest  skiU  in  drawing. 

Constructions  in  Solid  Geometry. 

{Descriptive  Geometry,) 

Preceded  by  explanations  of  the  term  projection,  and  of  the  necessity 
for  it,  in  order  to  express  graphically,  on  a  surface,  solids  of  any 
kind ;  the  distinction  between  orthographic  and  perspective  prqjec 
tions  J  their  uses,  and  general  principles  which  are  the  foundation 
of  their  practical  application. 

Orthographic  Projection. 

Why  the  projections,  of  any  solid  consisting  of  a  combination  of 
geome^c  forms,  on  two  or  three  co-itrdinate  planes  are  necessary  to 
show  the  form  and  dimensions  of  that  solid. 

Meaning  of  the  terms  plan,  elevation,  profile,  section.  The  principle  of 
the  representation  of  surfaces  by  the  projections  of  their  generators, 
or  of  equi->distant  horizontal  sections  termed  contours.  The  direction 
and  indination  of  an  indefinitely  extended  plane  given  by  its  con- 
tours, or  by  its  traces  on  any  two  co-ordinate  planes. 

These  principles  should  be  auite  familiar  to  the  candidate,  and  will  be 
tested  by  making  him  araw  plans,  elevations,  and  sections  of  simple 
solids,  as  prisms,  pyramids,  cones,  spheres,  cylinders,  and  of  symme* 
trical  solids  formed  by  their  combinations. 

A  few  of  the  problems  relating  to  points,  lines,  planes,  and  curved  sur- 
faces, will  be  required,  as — 

!•  To  draw  hues  and  planes  parallel  or  perpendicular  to  each  other,  to 
contain  given  pomts  or  lines,  and  the  limits  of  the  possibility  of 
solution  of  any  problem  should  always  be  understood. 
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2.  The  preceding  constructions  combined  and  applied  to  determine  hy 

their  projections  the  simple  solids  before  mentioned^  when  they  are 
not  symmetrically  situated  with  respect  to  the  supposed  planes  of 
projection. 

3.  Applications  to  the  intersections  of  surfaces,  and  of  the  development 

of  such  as  admit  of  it. 

This  may  be  considered  the  most  important  part  of  descriptive  geome- 
try to  the  artizan,  as  it  is  required  in  all  arts  or  construction.  The  mason, 
carpenter,  and  shipwright,  workers  in  tin-plate,  boiler  makers,  &c.,  would 
all  be  benefited  by  a  knowledge  of  it. 

This  application  has  been  termed  Stereotomy,  and  better  and  more 
significantly  in  French,  "  Coupe  de  pierres," 

JVIuch  practical  knowledge  of  the  subject,  arising  from  their  pursuits, 
is  possessed  by  workmen,  while  the  want  of  a  scientific  knowledge  of 
it  compels  architects,  engineers,  and  their  drawing  clerks  to  leave  to 
the  workmen  the  execution  of  their  conceptions  which  they  cannot 
themselves  design. 

4.  The  solution  by  construction  of  the  spherical  triangle  from  any  three 

given  parts,  is  mentioned. 

As  important  to  masters,  mates,  and  others  engaged  in  any  kind  of 
astronomical  calculations. 

Isometric  Projection, 
Is  usefully  employed  in  the  representation  of  works  chiefly  of  a  rectan- 
gular form,  such  as  timber  framing,  canal-locks,  and  many  parts  of 
machinery ;  its  use  is  much  increasing :  it  is  readily  understood, 
and  can  oe  practised  by  anyone  who  has  gone  through  the  first  two 
articles  of  this  section. 

Perspective  Projection, 

May  be  taken  up,  but  will  not  be  insisted  on  as  it  is  rarely  used  except 
by  architects  to  represent  buildings  (not  yet  executed),  as  they  would 
appear  to  the  eye  at  any  spot  from  which  they  could  be  viewed,  and 
the  power  of  applying  it  for  this  purpose  is  possessed  by  many  who 
know  little  of  the  really  easier  subject  of  descriptive  geometry ;  but 
as  its  application  by  the  architect  must  be  subordinated  to  artistic 
taste,  tnis  consideration  excludes  it,  in  some  measure,  from  a  purely, 
geometrical  course. 

No  one,  however,  can  be  considered  a  scientific  draughtsman  unless  ho 
can  apply  perspective  projection  to  the  projection  of  shadows,  the 
projections  of  the  sphere,  the  constructions  of  maps  and  dials,  and 
some  other  uses. 

For  the  second  division  of  this  course,  in  addition  to  what  was  before 
indicated,  a  competent  knowledge  of  the  theorems  relating  to  the 
line  and  plane  (Euclid,  Book  XL),  and  an  acquaintance  with  the 
leading  properties  of  the  conic  sections,  the  geometry  of  the  sphere, 
and  some  spherical  trigonometry  is  important,  it  cannot  be  too 
ui^ently  recommended  to  all  persons  wishing  to  master  this  course, 
to  study  such  woiks  as  "  Geometry,  Plane,  Solid,  and  Spherical " 
of  the  Library  of  Useful  Knowledge,  and  Mr.  Bell's,  in  Chambers' 
Educational  Course. 

Geometry,  Plain,  Solid,  and  Spherical  (lAhnjey  of  Useful  Knowledge)  is  es- 
pedaUy  recommended  as  a  work  to  be  studied  on  Theoretical  Geometry. 

Text-Books  for  Practical  Plane  Geometry. — ^Bradley's  Geometrical  DraW'-> 
ingj  Burchett*a  Practical  Geometry  J  Practical  Geometry,  Linear  Per^ 
spective  and  Projection  (Library  of  Useful  Knowledge). 

For  Descriptive  Geometry. — Bradley's  Geometrical  Drawing;  Hall's ^Zc- 
ments  of  Descriptive  Geometry  for  Students  in  Engineering. — Heather's 
Descriptive  Geometry.    Also  the  following  French  Works,  which  are 
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'  mentioned  in  consequence  of  the  great  deficiencj  of  English  Works* 
on  Geometrical  Drawing. — El^mens  de  G^om^trie  Descriptive,  par  S. 
F.  Lacroix ;  Traits  de  Oiom^trie  Descriptive,  par  Levebnre  de  Fourcy ; 
Nouveau  Cours  raisonne  de  Dessin  Inaustriel,  par  Armengaud^  ain^^ 
et  Armengaud,  jeune,  et  Amotiroiiz ;  Bardin's  Works  on  Descriptive 
Geometry. 

Sabject  ZZ. — BSeckanical  and  BSackine  I>rawinf^. 

^The  candidates  in  Subjects  IL  and  IIL  toill,  some  time  before  the  ea?- 
amination,  have  Recreations  of  subjects  given  to  them,  of  which  they 
will  be  required  to  prepare  drawings  before  the  examination.  These 
drawings  must  be  bond  fide  their  own.  The  candidates  may  be  examined 
on  them,  and  if  the  results  be  satisfactory,  they  will  count  towards  their 
certificates,  but  they  wUl  only  be  taken  into  consideration  when  it  is 
clearly  seen  from  the  regular  examination  that  the  candidate  is  qualified 
for  a  certificate. 

The  application  of  the  foregoing  Subject  I.  to  the  drawing  of  ma- 
chinery, in  which  great  accuracy  and  neatness  of  drawing  will  be 
insisted  on. 

The  candidate  will  be  required  to  take  measurements  with  calipers^  &c., 
and  to  make  drawings,  elevations,  and  sections  of  a  simple  machine, 
or  of  parts  of  one,  set  before  him.  Also  to  draw  a  portion  of  a 
machine  from  written  dimensions  and  description.  He  will  be 
required  to  have  sufficient  knowledge  of  the  principles  of  machinery, 
gearing,  &c.,  to  be  able  to  make  working  drawings  of  a  machine  or 
portions  of  a  machine  from  a  rou^h  sketch,  applying  the  power  to 
the  peatest  advantage,  and  obtaining  such  power  or  changes  of 
motion  as  are  required.  Tn  fine,  such  knowledge  and  readiness  asr 
would  be  required  of  a  good  draughtsman  in  an  engineer's  office. 

Subject  III.— Building^  Gonstniction,  or  Naval 
Arcliitectiire> 

{See  previous  Subject,) 

The  candidate  will  be  required  to  possess  sufficient  knowledge  of  con- 
struction^(l)  to  apply  the  various  materials  used  in  building  to, their 
greatest  advantage ;  (2)  to  be  able  to  make  detidl  and  working  drawings 
showing  a  knowledge  of  the  methods  of  construction  and  the  framing 
of  ordinary  roofs,  bridges,  &c.,  whether  of  wood,  iron,  or  masonry ; 
(3)  to  frame  estimates  and  take  out  quantities. 

Neatness,  accuracy,  and  facility  in  drawing  will  be  insisted  OBy'and 
the  genera]  requirements  in  this  Subject  will  be  such  as  would  be 
possessed  by  a  good  draughtsman  in  an  architect  or  builder's  joffice, 
with  a -slight  scientific  knowledge  for  the  proper  application  of  the 

,  materials  he  is  required  to  work  with. 

.  N.B. — Naval  Architecture  may  be  taken  instead  of  Building  Cbnstruo- 
laon;  the  same  description  of  attainments  wiU  be  required. 
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OROVP  ZZ. 

Mechanical  Physics. 
This  group  is  taken  under  two  subjects. 

Subject  Z. — BSecliaiiicB  as  a  Science,  or  Theoretical 
BSeeliaiiiea. 

Statics.  Composition  and  resolution  of  forces.  Forces  acting  on  a 
point — on  a  rif^d  body.  Parallel  forces.  Centre  of  gravij^.  Theory 
of  moments  or  couples.  Principle  of  virtual  velocities.  The  mecha- 
nical powers.    Friction.     Equihbrium  of  roofs  and  arches. 

Dynamics.  Laws  of  motion.  Uniformly  accelerated  motion.  Motion 
by  gravity  Variable  forces.—  Projectiles.  Centrifugal  force.  Motion 
on  incliued  planes— on  curves.  Pendulums.  Motion  of  rigid  bodies^ 
free  or  constrained.  Moment  of  Inertia.  Centre  of  oscillation — of 
percussion.    Motion  of  flexible  bodies,  such  as  a  musical  string. 

Hydrostatics^  Hydrodynamics,  and  Pneumatics,  Mechanical  properties 
of  liquids.  Law  of  pressure.  Centre  of  pressure.  Laws  of  floating 
bodies.  'Capillary  attraction.  Laws  of  fluid  motion,  through  open 
chaonels,  elosed  pipes,  or  orifices. 

Mechanical  properties  of  elastic  fluids.  Theory  of  barometers.  Con- 
nexion between  pressure,  temperature,  and  volume.  Specific  heat. 
Weight  of  atmo$phere»    Use  of  barometer  in  calculating  heights. 

In  th^  subject  w  candidate  will  have  to  show  a  mathematical 
knowledge  of  the  laws  of  Mechanics,  and  must  be  able  to  prove  from 
first  principles  the  principal  theorems. 

The  books  recommended  for  study  are — ^Whewell's  Elements  of  Mecha- 
nics, Gt  Snowball's;  Moseley's  Engineering  Architecture;  Natural 
Philosophy,  by  Dr.  Golding'  Bird  and  Mr.  Brooke ;  Goodwin's 
Elementary  Course. 

Sabject  ZZ. — Meclianica  as  an  Art,  or  Applied  Meclianics. 

General  principles  of  mechanism.    Elementary  combinations.    When  the 

connexion  is  hj  rolling  contact,'  sliding  contact,  wrapping  connectors 

or  linkwork,  with  constant  or  varying  velocity  ratio,  and  constant  Q£ 

varying  directional  relation. 
Machines  of  ordinary  occurrence  must  be  thoroughly  understood  and 
-  pi^cular  parts  to  be  described  and  drawn  :  such  as  cranes ;  lathes ; 

drills:  planing,  punching^  boring,  shaping,  and  slotting  machines. 

Spinning  and  weaving  maehinery.     Mode  of  calculating  power  of 

machinery.     Dynamometers,  indicators,  &c. 
Materials.    The  general  properties  of  materials.    Elasticity.    Weights 
'  Specific  weight.     Mechanical  work.     Work  done  by  pressure,  by 

impact,  by  expani^on  of  elastic  gases  and  steam,  by  animal  muScuk^ 

effort. 
Resistance  to    expansion,    to   compression,   to   rupture.    Friction  of 

solids.      Its  importance  in  construction.      Resistance  of  fluids  to 

bodies  moving  Within  them.    Adaptation  of  form  and  material  for 

maximum  res^ance.     Beams  of  greatest  strength.     Construction  of 

roofs,  arches,  stone  and  timber  bridges,  suspension  bridges,  and 

tubuhir  girders. 
Hydrostatics,  Hydrodynamics,  and  Pneumatics.     Pressure  on  flood- 
'  gates  ;    locks  ;    water-wheels ;    turbines ;    water-pressure  engines ; 

breakwaters.    Hydrometers.    The  sjrphon.    Hydraulic  ram.    Pumps. 

Diving  bell,     dondenser.     Windmills.     Steam-engines,  stationary,. 

marine,  locomotive.    The  steam  hammer.     Water  supply  to  towns. 

Theory  of  tides,  in  the  open  sea,  and  in  rivers. 
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In  this  subject  tHe  candidate  will  be  expected  to  show  how  the 
principles  are  applied  in  actual  practice :  he  will  be  expected  to  show 
by  clear  well-dwiwn  sketches,  his  acquaintance  with  parts  of  machines. 

The  candidate  will  have  tools  and  models  put  before  him,  with  some  of 
which  he  must  show  he  is  famihar,  and  that  he  can  explun  their  use 
and  construction. 

Books  recommended, — Willis's  Mechanism  j  Baker's  Elements  of  Me* 
chanismj  the  books  in  Weale's  Series  which  treat  on  the  subjects 
specified.  Twisden's  Practical  Mechanics;  Goodeve*s  Elements  of 
Mechanism. 


QROUP  ZZZ. 

Experimental  Physics. 
This  group  is  taken  •'under  two  subjects. 

Subject  Z.—Aconstics^  Ziig^bt,  and  ZZeat. 
Acoustics. 

The  candidate  ought  to  know  the  manner  in  which  sound  originates, 
and  is  propagated ;  its  velocity  in  different  media,  and  how  its  velocity 
through  air  is  affected  by  density  and  temperature. 

He  ought  to  know  the  origin  of  musical  sounds ;  of  pitch ;  of  harmony 
and  discord ;  to  commit  to  memory  the  rates  of  vibration  of  the 
several  notes  of  the  gamut ;  to  be  able  to  make  sonorous  vibrations 
visible  by  means  of  glass  plates  and  membranes;  to  circulate  the 
length  of  sonorous  waves,  and  to  determine  practically  the  number  of 
vibrations  due  to  any  particular  note.  He  ought  therefore  to  under* 
stand  the  construction  and  use  of  the  Syren. 

He  ought  to  be  able  to  describe  and  illustrate  the  condition  of  a  vibrating* 
string,  or  column  of  air  at  its  nodal  points  and  ventral  segments  and 
to  explain  echos  and  resonance. 

Light. 

The  candidate  ought  to  know  how  its  velocity  was  first  deterinined  hovcL 
observations  upon  Jupiter's  satellites. 

He  ought  to  be  able  to  devise  a  simple  means  of  exhibiting  both  the 
reflection  and  refraction  of  light;  to  be  able  to  state  the  laws  of  both ; 
to  explain  what  is  meant  by  total  reflection ;  and  to  apply  it  to  the 
explanation  of  the  Mirage  of  the  Desert,  the  Phantom  Ship,  and  other 
similar  phenomena. 

He  ought  to  be  able  to  explain  why  the  image  in  a  plane  mirror  must 
appear  as  far  behind  the  mirror  as  the  obj^  is  in  nront  of  it ;  why  a 
stick  appears  bent  when  dipped  obliquelv  into  water ;  and  why  the 
bottom  of  a  river  or  lake,  or  of  a  basin  which  holds  water,  appears  to 
be  nearer  to  the  surface  than  it  really  is. 

He  ought  to  be  able  to  determine  the  positions  of  the  foci  of  spherical 
mirrors,  both  concave  and  convex ;  to  describe  the  characters  of  their 
images,  whether  erect  or  inverted;  magnified  or  reduced;  and  to  do 
the  same  for  convergent  and  divergent  lenses. 

He  ought  to  know  the  construction  of  the  human  eye ;  the  conditions  of 
distinct  vision,  the  use  of.  spectacles ;  and  to  be  able  to  describe  a 
simple  form  of  the  reflecting  and  refracting  telescope  and  of  the 
microscope. 

He  ought  to  know  the  constitution  of  light ;  to  be  able  to  describe  the 
spectrum  produced  by  refraction  with  a  prism ;  to  explain  the  origin 
of  colours,  and  to  give  a  clear  explanation  of  the  rainbow. 
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Heat. 

The  candidate  ought  to  be  able  to  describe  the  construction  and  gra- 
duation of  an  ordinary  mercurial  thermometer;  to  understand  the 
scales  of  Fahrenheit,  Celsius,  and  Reaumur. 

He  ought  to  have  clear  ideas  of  conduction  and  radiation ;  to  be  able  to 
devise  some  simple  means  whereby  the  conductive  and  radiative  powers 
of  different  bodies  may  be  determined ;  to  explain  fully  the  formation 
of  dew,  and  to  state  the  conditions  favourable  to  its  production. 

He  ought  to  know  the  effect  of  heat  upon  the  volumes  of  bodies ;  to 
know  what  is  meant  by  the  coefficient  of  expansion,  and  how  it  may 
be  determined ;  to  give  illustrations  of  the  enormous  power  of  heat  in 
producing  expansion;  to  state  exceptional  cases;  to  know  the  manner 
in  which  heat  is  propagated  through  liquids  and  gases,  as  distin- 
guished from  ordinary  conduction ;  and  to  be  able  to  combine  two 
metals  possessing  different  coefficients  of  expansion,  so  as  to  form  a 
compensating  pendulum. 

He  ought  to  know  the  meaning  of  latent  heat  and  of  specific  heat,  and 
to  illustrate  both  by  reference  to  ice,  water,  and  steam ;  he  ought  to 
be  able  to  show  the  influence  of  the  high  specific  heat  of  water  lipon 
an  island  cHmate. 

He  ought  to  know  the  strict  physical  meaning  of  ebullition ;  and  the 
influence  of  pressure  upon  the  boiling  points  of  liquids ;  he  ought  to 
have  a  general  knowledge  of  the  origin  of  winds  and  clouds,  and  to  be 
able  to  explain  the  fact  that  the  rain-fall  upon  the  south-west  side  of  a 
mountain  chain  in  England  and  Ireland  is  much  more  copious  than 
on  the  north-east  side. 

Subject  XZ.—BIa^etism  and  Electricity. 
Magnetism, 

The  candidate  ought  to  know  the  action  of  one  loadstone  upon  another 
which  is  freely  suspended,  or  set  afloat  upon  a  liquid ;  he  must  have  a 
perfectly  clear  notion  of  magnetic  polarity,  and  of  the  action  of  mag- 
netic poles  upon  each  other. 

He  must  know  the  difference  between  the  action  of  magnetised  and 
unmagnetised  steel  upon  a  magnetic  needle  ;  also  the  difference 
between  soft  iron  and  hard  steel,  with  regard  to  their  acceptance  and 
retention  of  the  magnetic  condition ;  (coercive  force). 

He  must  be  able  clearly  to  state  the  condition  of  a  mass  of  soft  iron 
when  under  the  influence  of  a  magnet,  and  in  virtue  of  which  condi- 
tion the  iron  is  attracted ;  (magnetic  induction). 

He  must  be  able  to  describe  the  action  of  the  earth  upon  a  magnetic 
needle;  must  know  the  meaning  of  declination,  indination  or  dip, 
and  of  secular  and  diurnal  variation ;  the  action  of  the  earth  upon  a 
bar  of  soft  iron  according  as  it  is  held  in  the  direction  of  the  dip  or  at 
right  angles  to  this  direction ;  finally,  the  effect  of  percussion  in  ren- 
dering the  condition  assumed  by  the  bar  of  soft  iron  a  permanent  one. 

He  ought  to  be  able  to  compare  accurately  the  strength  of  one  magnet 
with  that  of  another,  and  to  state  how  the  relative  intensity  of  the 
earth's  magnetism  at  two  points  of  its  surface  may  be  ascertained. 

Frictional  Electricity, 

The  candidate  ought  to  know  various  simple  ways  of  exciting  electricity 
to  be  clearly  informed  as  to  the  dui>lex  character  of  the  force ;  to 
know  the  condition  of  the  rubber  as  well  as  that  of  the  body  rubbed ; 
and  to  be  conversant  with  various  forms  of  electroscopes  and 
electrometers. 
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He  ought  to  know  the  foundation  of  the  terms  vitreous  and  resinoua, 
positive  and  negative ;  to  be  able  to  illustrate  the  action  of  two  elec- 
trified bodies  upon  each  other ;  and  to  tell  at  once  whether  a  body  is 
positively  or  negatively  charged. 

He  ought  to  have  a  clear  knowledge  of  electric  conduction,  insulation, 
and  induction;  and  be  able  to  explain  the  state  of  a  neutral  conductor 
when  acted  upon  by  an  electrified  body ;  he  ought  to  be  able  to  prove, 
experimentally,  that  though  we  cannot  by  brealdng  a  magnet  obtain 
two  halves  each  with  a  single  pole,  we  can  b^  breaking  an  electrified 
body  obtain  two  halves  each  charged  with  a  smgle  electricity. 

He  ought  to  be  able  to  explain  the  influence  of  points  and  flames  when 
attached  to  an  electrified  conductor ;  and  to  describe  the  action  of 
lightning  conductors. 

He  ought  to  be  able  to  describe  the  electric  machine,  and  the  elec- 
trophorus  ;  and  to  explain  the  action  of  the  condenser  and  of  the 
Leyden  jar. 

He  ought  to  be  able  to  state  the  principal  effects  of  the  electric  dis- 
charge ;  to  i^tate  the  atmospheric  conditions  necessary  to  the  produc- 
tion of  a  thunderstorm ;  and  to  give  a  clear  account  of  the  so-odled 

.    return  stroke. 


Voltaic  Electricity. 

The  candidate  ought  to  be  able  to  state  precisely  how  voltaic  electricity 
mav  be  generated ;  to  describe  Volta's  pile,  and  his  crown  of  cups ; 
and  also  the  batteries  of  Daniell,  Grove,  and  fiunsen. 

He  must  have  a  clear  conception  of  what  is  meant  by  the  direction  of  sai 
electric  current ;  and  be  able  to  illustrate  in  the  fullest  manner  the 
action  of  a  current  upon  a  freely  suspended  magnetic  needle.  Qiven 
the  direction  of  the  current,  he  must  be  able  to  state  how  the  needle 
moves ;  given  the  movement  of  the  needle,  he  must  be  able  to  infer 
from  it  the  direction  of  the  current. 

He  must  be  able  to  describe  fully  the  action  of  a  current  upon  sofb  iron; 
and  to  infer  from  the  direction  of  the  current  the  nature  and  position 
of  the  magnetic  poles,  which  it  excites. 

He  must  be  well  acquainted  with'the  chemical  reactions  which  take  place 
both  in  the  batteries,  mentioned  above,  and  also  in  other  liquids 
through  which  the  current  may  be  sent. 

He  must  be  able  to  measure  the  strength  of  an  electric  current,  and  he  is 
strongly  recommended  to  master  thoroughly  the  law  of  Ohm,  regard- 
ing the  mutual  relations  of  electromotive  force,  resistance,  and  str^gth 
of  current. 

He  ought  to  be  acquainted  with  the  so-called  polarisation  of  metallic 
plates  between  which  a  current  passes  through  a  liquid,  and  to  show 
how  this  is  avoided  in  Grove's  battery. 

He  ought  to  be  able  to  give  a  clear  description  of  some  one  form  of  the 
elec&c  telegraph. 

He  ought  to  be  acquainted  with  the  physiological  effects,  and  with  those 
of  light  and  heat  produced  by  the  voltaic  current ;  and  to  show  the 
dependence  of  the  heat  on  the  strength  of  the  current,  and  on  the 
resistance  which  it  encouiiters. 
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It  would  also  be  well  to  master  as  much  of  the  phenomena  of  induced 
currents  as  would  enable  the  candidate  to  explain  the  action  of  the 
galvanizing  apparatus  used  by  medical  men. 

Note. — The  candidate  will  perceive  that  this  list  is  long  because  the 
objects  to  which  he  is  to  devote  his  attention  are  separately  specified. 
Definition  is  thus  given  to  his  studies  and  their  precise  scope  marked 
out  for  him.  He  is  recoimmended  to  repeat  with  his  own  hands,  as  far 
as  it  is  in  his  power  to  do  so,  the  experiments  which  he  finds  described 
in  good  handbooks  of  Natural  Philosophy ;  this  will  ^ve  a  certainty  to 
his  knowledge  and  an  Interest  to  his  pursuits  which  mere  reamn^ 
can  never  confer.  The  first  requisite  demanded  of  him  on  his 
examination  will  be  that,  however  small  his  knowledge,  it  shall  be  well 
digested  and  .sound. 

Text-Books : — Lardner's  Handbook  of  Natural  Philosophy  j    Natural 
Philosophy,  by  Dr.  Golding  Bird  and  Mr.  Brooke. 


QROUP    ZV. 

Chemistry,  Inorganic  and  Organic. 
This  group  is  taken  under  two  subjects. 

Subject  Z.— Inorg^anic  Chemistry. 

The  general  principles  of  chemical  philosophy.  Laws  of  combination. 
Combining  weights  and  chemical  equivalents.  Combining  volumes. 
Chemical  symbols  and  thdr  use  in  the  explanation  of  chemical 
changes. .  The  atomic  theory. 

The  non-metallic  elements :  Oxygen,    Combustion. 

Hydrogen.  .  Water.  Chemical  composition  and  properties.  Adaptation 
for  domestic  purposes.     Hardness,  permanent  and  temporary. 

Nitrogen,  Nitrous  oxide,  nitric  oxide.  Nitric  acid.  Nitrification. 
Ammonia. 

Carbon,  Process  of  carbonization.  Carbonic  oxide.  Carbonic  aeid. 
Marsh  gas.     Olefiant  gas.    Manufactiure  of  coal  gas. 

Sulphur,  Sulphurous  acid,  siilphuric  acid.  Sulphuretted  hydrogen. 
Bisulphide  of  carbon. 

Chlorine,  Hypochlorous  acid.  Bleaching  agents  and  theory  of  bleach- 
ing. Chloric  acid  and  perchloric  acid.  Chloride  of  nitrc^en. 
Chlorides  of  carbon. 

Bromine.    Bromic  acid  and  hydrobromic  acid. 

Iodine,    Iodic  acid,  periodic  acid,  and  hydriodic  acid. 

Fluorine,    Hydrofluoric  acid. 

Pho^horus.  Hypophosphorous  acid,  phosphorous  acid.  The  several 
modifications  of  phosphoric  acid :  ordinary  phosphoric,  pyrophos- 
phoric,  and  metaphosphorio  acids.  Theory  oi  polybasic  acids.  Phos- 
phoretted  hydrogen.  Chlorides  of  phosphorus.  Manufacture  of 
matches. 

Bor(m  and  boracie  acid. 

SUiciwn  and  silicic  acid. 

.The  metals  :  Potassium,  Manufacture  of  nitre.  Manufacture  of  gun- 
powder. .,  Theory  of  the  action  of  gunpowder.  Sodium,  Manufacture 
of  carboiiate  of  soda. 

Barium,    Strontium,     Calcium,    Mortars, 

^Jfiagnedumt  AUminivm.     Manufacture  of  glass  and  porcelain. 

i^ngonese,^  Iron,'  .Coinpositiouand  properties  of  cast  iron,  wrought 
iron,  and  steel.  ...  .        > 
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Cobalt,  Nickel,  Chromium,  Zinc,  Cadmium.  Copper,  Lead.  Manu- 
facture of  white  lead. 

Bismuth,  Mercury.  Tin,  Arsenic,  Course  of  analysis  in  cases  of 
poisoning. 

Antimony.  Silver.  Gold,  and  platinum.  Their  principal  compounds 
with  the  non-metallic  elements. 

Outline  of  qualitative  analysis.  Reactions  of  the  principal  mineral 
acids  and  bases.  Course  pursued  in  the  application  of  these  reactions 
to  the  analysis  of  a  mixture  of  several  acids  and  bases. 

The  following  is  the  list  of  Apparatus  and  R,e-agents  with  which 
Candidates  make  their  analysis  at  the  examination : — 

Apparatus. 


Test  tubes  and  stand. 

Metal  filter  stand. 

Wash  bottle  containing  distilled 
water. 

Spirit  lamp. 

Black  blowpipe. 

Charcoal  for  olowpipe  experi- 
ments. 

Iron  spoon. 

Tongs. 

Pestle  and  mortar. 

Porcelain  dishes. 


Watch  glasses. 

Porcelain  crucible. 

Triangles. 

Test  tube  cleaner. 

Platinum  wire  and  foil. 

Funnels. 

Cut  filters. 

Sulphuretted  hydrogen  apparatus. 

Platinum  crucible. 

Herapath's  blowpipe. 

Stirring  rods. 


Sulphuric  acid. 
Hydrochloric  acid. 
Nitric  acid. 
Hydrosulphuric  acid. 
Potassa. 
Ammonia. 

Chloride  of  ammonium. 
Sulphide  of  ammonium. 
Carbonate  of  ammonium, 
Phosphate  of  sodium. 
Chloride  of  barium. 
Chloride  of  calcium. 
Lime  water. 
Sulphate  of  calcium. 

Carbonate  of  sodium. 
Nitrate  of  potassium. 
Cyanide  of  potassium. 
Borax. 


Re-agents. 
In  the  liquid  state. 

Sulphate  of  potassium. 
Sulphate  of  magnesium. 
Chromate  of  potassium. 
OxaHc  acid. 
Tartaric  acid. 
Acetic  acid. 
Hydrofluosilicic  acid. 
Oxalate  of  ammonium. 
Acetate  of  lead. 
Sesquichloride  of  iron. 
Ferrocyanide  of  potassium. 
Chloride  of  platinum. 
Nitrate  of  silver. 

In  the  solid  state. 
Lime. 

Sulphate  of  iron. 
Blue  and  red  litmus  paper. 


Subject  ZL—Organic  Chemistry.    - 

Ultimate  analysis  of  organic  bodies.  Calculation  of  an  empirical 
formula.  Methods  of  controlling  an  empirical  formula.  Determi- 
nation of  the  equivalents  of  organic  acids  and  bases,  examination  of 
products  of  decomposition,  determination  of  the  vapour-density  of 
volatile  bodies.     Law  of  substitution. 

The  chemical  history  of  the  Cyanogen  group.  Cyanogen.  Hydrocyanic 
acid.  Cyanic  acid  and  urea.  Fulminates.  Cyanuric  acid.  Sulpho- 
cyanic  acid.    Chlorides  of  cyanogen. 
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Amylaceous  and  saccharine  substances.  Fermentation.  Alcohol,  and 
its  homologues.  Ethers,  simple  and  mixed.  Oxidation  of  alcohol. 
Aldehyde  and  acetic  acid,  and  their  homologues.  Anhydrides,  simple 
and  mixed.  Compound  ethers.  Diatomic  alcohols  and  their  adds. 
Glycol  and  oxalic  acid.  Triatomic  alcohols.  Glycerine.  Fatty  and 
oily  bodies. 

Ammonia  and  its  derivatives.  Amides  and  amines  :  their  classification. 
Examples  of  natural  alkaloids. 

Principal  colouring  matters.  Indigo  and  its  derivatives.  Examples  of 
proaucts  formed  by  destructive  distillation. 

The  chief  constituents  of  the  vegetable  and  animal  organism,  fibrin, 
albumen,  casein,  &c. 

The  chemical  principles  of  agriculture. 

The  chemical  principles  of  the  process  of  nutrition  and  respiration  in 
the  animal  organism. 

Text-books.  —  Graham's  Elements  of  Chemistry,  Miller's  System  of 
Chemistry,  Fownes*  Manual  of  Chemistry,  Gregory's  Outlines  of 
Chemistry,  Abel  and  Bloxam's  Handbook  of  Chemistry,  Galloway's 
Qualitative  Analysis. 


QROUP   V. 

Geology  and  Mineralogy. 
This  group  is  taken  under  two  subjects. 

Subject  Z. — Qeologx. 

1.  The  division  of  rocks  into  three  great  classes,  aqueous,  igneous,  and 
metamorphic. 

2.  The  mode  of  formation  of  stratified  rocks, — marine  strata — delta 
formations— freshwater  beds, — the  sign  by  which  you  can  distinguish 
these. 

3.  The  mode  of  occurrence  of  igneous  rocks,  ashes,  lavas,  and  dykes. 

4.  Volcanoes  and  volcanic  phenomena. 

5.  The  theory  of  central  heat. 

6.  Elevation  and  depression  of  land. 

7.  The  ordinary  mineral  substances  that  enter  into  the  composition  of 
rocks. 

8.  Fossil) zation  of  organic  bodies. 

9.  Table  of  geological  formations,  including  those  larger  divisions 
absent  in  Britain. 

10.  Theory  of  metamorphism  of  rocks. 

British  Strata. 

1.  Description  of  the  Cambrian  strata  and  Silurian  strata,  their  lithe- 
logical  characters,  disturbances  and  chief  fossils. 

2.  Description  of  the  old  red  sandstone  and  Devonian  rocks,  character 
and  fossils.  Origin  of  cleavage.  Slate  and  slate  quarries,  building- 
stones,  limestones,  and  marbles. 

3.  The  carboniferous  limestone  and  coal  measures.     Character,  fossils, 

and  mode  of  formation.  Origin  of  the  coal  of  the  coal-measures, 
and  its  mode  of  occurrence.  Mode  of  occurrence  of  the  ironstone 
of  the  coal  measures.  Various  kinds  of  coal,  and  the  relation  of 
anthracite  coal  to  disturbance  of  strata.  Lime  quarries,  marbles, 
and  building  stones.  Clay  pits  and  potteries  of  the  carboniferous 
strata.    Fire  clay.    Alum  shale. 
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4.  TbePenniap  rocks.  Their  strat^praphical  relations  to  the  und^ying; 
strata^  composition  of  rocks^  fossils,  and  building-stones. 

5.  The  new  red  sandstone  (or  Trias),  its  subdivisions,  fossils,  building- 
stoties,  sand  pits,  rock  salt,  and  brine  springs. 

6.  The  Lias.     Its  subdivisions,  chief  fossils,  building-stones,  and  otter 

hydraulic  limestones,  and  clay  pits. 

.  7*  Oolitic  rocks.  Subdivisions,  leading  fossils,  building-stones.  Lime- 
stones.    Clay  pits,  and  other  economic  products. 

,8.  The  Purbeck  and  Wealden  strata.  Origin,  subdivisions,  chief  fossils, 
building-stones,  and  marbles.  Ironstones  and  limestones.  Clay 
pits. 
9.  Cretaceous  rocks.  Subdivisions,  lithological  characters,  fossils, 
building  stone  of  lower  greensand.  Gault,  its  phosphatic  nodules 
aiid  general  uses.  Upper  greensand,  chalk,  &c.  Building  stones. 
Origin  and  uses  of  chalk-flints. 

10.  Eocene,  or  older  Tertiary  beds.  Subdivisions,  alternation  of  marine 
and  freshwater  beds,  chief  fossils,  limestones  and  building  stones, 
clays  for  bricks  and  potteries. 

11.  Crag.     Its  subdivisions,  chief  fossils,  phosphatic  remains. 

12.  Disturbance  and  denudation  of  strata. 

13.  Unconformities,  faults,  and  fractures. 

14.  The  causes  of  gaps  in  the  succession  of  strata,-or  of  breaks  in  the 
succession  of  life  in  time. 

15.  Water-bearing  strata,  and  underground  drainage.      Artesian  and 

•  other  wells. 

16.  British  rocks  in  \7hich  ores  of  metal  are  found,  and  the  general  mode 
of  occurrence  of  these  ores  in  beds  or  lodes. 

17.  The  rules  that  ought  to  guide  the  miner  in  sinking  for  coal  and 

other  minerals,  when  the  beds  in  which  they  lie  are  concealed  by 
over-lying  and  unconformable  strata. 

18.  The  occurrence  of  stream  tin,  gold,  &c.,  in  superficial  detritus. 

19.  The  chief  differences  in  the  nature  and  mode  of  occurrence  of  various 

formations  in  areas  widely  separated  from  each  other. 
Text-books. — Lyell's  Principies  of  Geology:  Lyell's  EUmentB  of  Geology  : 
Phillips'  Manual  of  Geology;  Jukes'   Manual  of  Geology;  Page's 

*  Ihtroductory  Text-Booh"  Face's  Advanced  Texi-Iiooh. 

Subject  ZZ.— Mineralogy. 

A.  Instruction  in  this  subject  should  commence  with  a  distinct  under- 

standing of  the  characters  by  which  minerals,  properly  so  called, 
are  to  be  distinguished  from  other  inorganic  substances,  and  of  the 
position  of  this  science  in  relation  to  the  collateral  sciences  of 
physics,  chemistry,  and  geology. 

B.  Crystallography,  as  the  essential  means  of  appreciating  the  forms 

naturally  assumed  by  almost  all  inorganic  bodies,  must  commence 
^th  the  needful  geometrical  definitions,  proceed  to  the  grouping 
of  the  various  crystalline  forms  into  systems,  consider  the  laws  by 
which  the  derivation  of  one  form  from  another  within  the  limits 
of  the  same  system  is  determined,  and  explain  the  combination  of 
various  simple  forms  in  the  ftices  exhibited  by  compound  crystals. 
It  is  also  important  to  study  the  deviations  from  regularity  which 
tire  commonly  presented  in  nature,  and  the  methods  of  measuring 
those  elements  which  remain  constant. 

■c.  The  various  kinds  of  aggregation  exhibited  bv  ciystalline  substances 
are  also  to  be  considered,  especially  with  reference  to  masses  of.  the 
useful  minerals,  and  of  crystalline  rocks. 

D.  Next  in  order  will  follow  the  other  physical  characters  of  minerals ; 
1st,  in  relation  to  their  substance,  as  cleavage,  fracture,  hardness,  and 
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specific  gmviij :  2ndl}r,  in  relation  to  the  effects  of  light,  as  trans- 
parency, refnfiHoin^  lustre,  and  colour;  3rdly^  as  to  their  electric 
and  ma^etic  properties. 

%.  The  chemical  characters  of  minerals,  and  the  most  convenient  modes 
of  testing  them;   1st,   by  aid   of  the  blowpipe;   2ndly,  by  the 

-'    .    moist  way. 

r.  Pseudomorphism,  or  the  remarkable  phenomena  presented  by  minerals 
which  have  the  composition  of  one  mineral  coupled  with  the  form 
of  another. 

fe.  The  physiography  or  systematic  description  of  minerals.  This  last 
division  should  include  all  the  more  remarkable  varieties  aa  well  as 
species,  and  should  take  especial  note  of  the  modes  and  places  of 
occurrence,  as  well  as  of  the  association  of  particular  groups  of 
minerals  in  certain  veins  or  formations. 

As  text-books  may  be  recommended — 
Professor  Ansted's  Elementary  Course  of  Mineralogy  and  Geology, 

London,  1856. 
Nicol's  Elements  of  Mineralogy.    Edinburgh,  1858. 

'   Dana's  Manual  of  Mineralogy,  1 85 1 . 
Bristow's  Dictionary  of  Minerals.     Longman  &  Co.  1861. 

For  more  advanced  students — 

Brooke  and  Miller's  Mineralogy,     London,  Longman,  1852. 

On  Crystallography.  Rev.  W.  Mitchell,  in  Orr's  **  Circle  of  the 
'Sciences."     London,  1856. 

Dana's  System  of  Mineralogy^    4th  edition.    Putnam,  1854. 

^aumann's  Mineralogie.    Leipzig.     Williams  and  Norgate, London. 

Breithaupt's  Par  agenesis  der  Mineralien.     Freiberg,  1849. 
'    Haidinger's  Handbuch  der  Mineralogie.     Vienna,   1845. 

When  it  is  intended  to  teach  this  subject  with  special  reference  to  the 
practical  working  of  minerals,  the  phy Biographical  part  will  be  occupied 
more  particularly  with  certain  of  the  useM  species  and  their  associated 
substances,  and  the  following  works  may  be  consulted  : — 

W.  J.  Henwood  on  the  Metalliferous  Deposits  of  Cornwall  and  Devon, 
1843. 

Bischof,  Chemical  and  Physical  Geology,  translated  by  the  Cavendish 
Society.    1854. 


QROUPVZ. 

Anim-al  Physiology  and  Zoology. 

This  group  is  taken  under  two  subjects. 

The  field  presented  by  Natural  History  is  such  an  exceedingly  wide 
one,  that  candidates  are  advised  to  confine  their  studies  to  the  subjects 
enumerated  below,  and  to  master  these  as  thoroug^hly  as  possible.  And 
as  in  the  Natural  Sciences,  the  knowledge  which  is  obtainable  by  mere 
reading  is  of  very  little  value,  candidates  are  particularly  recommended 
to  study  nature  for  themselves,  and  to  become  personally  acquainted 
with  the  primary  facts  of  Biological  Science.  Thus  in  Physiology,  the 
fundamental  truths  relating  to  circulation,  muscular  contraction,  and 
nervous  action,  may  all  be  readily  exemplified  by  simple  experiments  upon 
the  common  frog ;  and  in  Systematic  Zoology  and  Botany,  the  careftil 
study  of  the  structure  of  the  animal  and  vegetable  forms  enumerated 
under  the  head  of  "  types**  will  furnish  a  better  conception  of  the  animal 
and  v^etable  worlds  than  any  amount  of  mere  reading.  Candidates  will 
therefore  be  expected  to  be  thoroughly  and  practically  acquainted  with 
the  fundamental  facts  of  Physiology,  and  in  Zoology,  with  all  the  most 
important  and  distinctive  characteristics  of  such  of  these  typical  genera 
as  are  illustrated  by  British  species. 
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Sobject  X. — Animal  Physiology. 

Candidates  should  have  carefully  studied  what  is  stated  upon  the 
subjects  enumerated  below  in  any  good  handbook  of  Physiology. 

The  general  properties  of  li\4ng  matter  in  respect  of  form,  struc* 
ture,  and  chemical  composition.  The  meaning  of  the  terms  organ, 
organization,  function,  development.  The  difference  between  high 
and  low  organization.    The  division  ofphysiological  labour. 

Why  the  Uving  organism  wastes.  The  difference  between  vital 
and  putrefactive  decomposition.  The  conditions  and  ultimate  pro- 
ducts of  vital  decomposition.  The  living  body  considered  as  a 
machine  performing  a  certain -amount  of  work. 

Why  food  is  necessary.  The  difference  between  the  food  of 
plants  and  that  of  animals.  The  nature  of  the  substances  which 
constitute  the  food  of  man.  The  proximate  chemical  composition 
of  milk,  flour,  meat,  butter,  potatoes,  oatmeal,  peas,  rice,  tea,  coffee,' 
beer,  wine,  and  spirits ;  and  the  distinction  of  the  proximate  de- 
ments of  each  into  nutritious  and  innutritions. 

Why  (^gestion  is  necessaiy,  and  how  that  function  is  performed 
in  the  human  organism.  The  structure  of  the  organs  by  which  the 
following  substances  are  formed,  and  their  uses  :  saliva,  gastric  juice, 
pancreatic  juice,  bile.  How  the  nutritious  products  of  digestion 
are  separated  from  the  excrementitious  residuum.  The  process  of 
absorption.  The  means  by  which  absorbed  matters  are  conveyed  to 
all  parts  of  the  organism.  The  structure  and  composition  of  human 
blood.    The  course  and  mechanism  of  the  circulation. 

Why  the  elimination  of  waste  products  is  necessary.  Excretion 
of  carbonic  acid.  The  mechanical  and  physical  principles  involved 
in  the  performance  of  the  respiratory  process  in  man.  The  excretion 
of  urea  and  uric  acid.  The  structure  of  the  urinary  apparatus,  and 
the  mechanical  and  physical  principles  involved  in  its  action.  The 
excretion  of  water  as  a  part  of  the  foregoing  processes,  and  as 
effected  by  the  skin.  The  structure  and  other  functions  of  the  skin. 
The  mutual  relations  of  the  three  great  excretory  apparatuses. 

The  conditions  and  sources  of  animal  heat.  The  circulatory 
system  of  man  viewed  as  a  hot-water  warming  apparatus.  The  fud 
of  the  animal  economy  and  its  sources. 

Animal  mechanics.  The  human  body  as  a  locomotive  apparatus. 
The  structure  of  bones  and  joints.  The  structure  and  properties  of 
muscle. 

.  The  structure  and  functions  of  nervous  matter.  The  offices  of 
the  spinal  cord  and  brain.  The  nature  and  mode  of  action  of  the 
sensory  organs.  Reflex  action.  Habit,  as  acquired  reflex  action. 
Instinct.     Intellectual  and  emotional  operations. 

The  nature  of  death,  and  the  difference  between  general  and  local 
death. 

Local  death : — 1st,  as  a  part  of  life ;  e.g,  moulting,  shedding  of  skin 
and  teeth.    2nd,  as  opposed  to  life ;  e»g»  sloughing  and  mortification. 

General  death  : — 1st,  as  the  natural  conclusion  of  life.  2nd,  as 
arising  from  disease  or  injury.  Usual  commencement  of  death  in 
the  nervous  centres,  the  heart  or  the  lungs. 

Reparative  processes : — 1st.  Local,  as  exhibited  in  the  reproduction 
of  lost  parts,  nealing  of  wounds,  &c.  2nd.  General,  as  shown  in 
the  reproduction  of  the  individual  by  sexual  generation.  The  origin 
and  development  of  the  embryo.  The  nutrition  of  the  foetus  and  of 
the  infant.  Hereditary  transmission,  and  the  modification  of  phy- 
sical and  mental  characters  by  education,  as  the  basis  of  a  rational 
belief  in  the  possibility  of  human  progress. 
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Subject  ZZ.—Zoolog^. 

1.  Candidates  should  have  carefully  mastered  the  definitions  of  the 

sub-kingdoms,  classes,  and  orders  of  the  Animal  Kingdom.  They 
should  understand  and  be  able  to  explain  the  meaning  of  the  terms 
employed  in  such  definitions ;  and  they  should  be  able  to  refer  any 
specimens  that  may  be  placed  before  them  to  their  proper  classes, 

2.  Candidates  should  be  able  to  give  fair  answers  to  questions  relating 

to  any  or  all  of  the  following  subjects^  and  they  should  be  able  to 
identify,  refer  to  their  proper  orders,  and  if  called  upon  to  do  so, 
describe,  the  objects  enumerated  in  each  section  under  the  head  of 
"types/*    In  almost  all  cases  these  "  types  "  are  British  animals. 

By  the  term  Natural  History,  of  such  and  such  an  object,  is  meant 
such  an  account  of  it  as  is  to  be  found  in  any  standard  modern  work  on 
Zoology. 

i.  The  structure  and  mode  of  multiplication  of  infusorial  animal- 
CHles  and  Foraminifera.  The  arguments  which  have  been  adduced 
for  and  against  spontaneous  generation.  The  luminosity  of  the 
sea,  and  the  nature  of  the  creatures  which  chiefly  cause  it.  The 
natural  history  of  the  sponge  of  commerce.  Types — Spongia, 
Vorticella, 

ii.  The  meaning  of  the  terms,  zoophyte,  coral,  coralline.  Natural 
history  of  the  red  coral  of  commerce.  Common  coral  and  coral 
reefs.  What  such  reefs  are,  where  they  are  formed,  and  how  they 
grow.  Natural  history  of  the  common  freshwater  polype,  or  hydra, 
and  of  the  "  jelly  fishes,"  or  "  medusae  "  of  the  sea.  Asexual 
multiplication  as  exhibited  by  these  creatures.  Types — Hydra, 
Sertularia,  Plumularia,  Actinia,  Corallium,  ISingia,  Oculina, 

iii.  Starfishes,  sea  urchins,  and  Holothurics ;  their  structure  and 
.^  habits,  and  the  metamorphoses  which  they  undergo.  Natural  and 
economical  history  of  Trepang.    Types —  Uraster,  Echinus. 

iv.  Natural  history  of  the  earthworm  and  the  leech.  Intestinal 
worms;  their  structure,  propagation,  and  mode  of  entrance  into 
animal  bodies.  Natural  history  of  the  Rotifera,  Types — Lurnbri- 
cus,  Hirudo,  Distoma,  Tcsnia,  Ascaris, 

V.  Natural  history  of  Crustacea,  The  lobster  and  crayfish,  as 
exemplifying  morphological  and  teleological  laws.  The  process  of 
ecdysis.  Barnacles,  acorn  shells,  and  fish  lice,  as  cases  of  extreme 
metemorphosis.  The  water  flea  as  exemplifying  asexual  multipli- 
cation. Types — Cancer,  Homarus,  Astacus,  Oniscus,  Daphnia,  Cy» 
clops,  Lepas,  Balanus,  Argulus, 

vi.  Natural  history  of  spiders,  scorpions,  and  mites.  The  "  itch 
insect,"  centipedes,  and  millipedes.  Types — Tegenaria,  Scorpio, 
Scolopendra,  Julus. 

vii.  Insects ;  their  mode  of  breathing  as  contrasted  with  that  of 
spiders  and  crustaceans.  The  structure  of  their  wings,  and  the 
mechanism  of  flight.  The  parts  of  the  mouth  and  their  modifi- 
"  cations  in  beetles,  bees,  butterflies,  bugs,  and  gnats.  Structure  of 
the  eyes.  Nature  of  stings,  saws,  and  ovipositors.  Natural  and 
economic  history  of  the  blistering  beetle,  of  the  silk  moth,  of  the 
bee,  of  the  cochineal  insect.  Natural  history  of  plant  lice,  of  bugs, 
fleas,  and  lice.  The  house  fly,  blow  fly,  and  gnat ;  wasps,  humble 
bee,  ichneumon  flies ;  "  black  beetles,"  crickets,  and  locusts.  The 
metamorphoses  of  insects.  Types — Melolontha,  Blatta,  Libellula, 
Pkryganea,  Coccus,  Aphis,  Bombyx,  Apis,  Vespa,  Musca, 

viii.  The  characteristic  peculiarities  of  the  nervous,  circulatory, 
respiratory,  and  locomotive  organs  of  mollusks  in  general.  Orga- 
nization of  "  sea  mat "  {Flustra),     Ascidians  and  "  lamp  shells  " 
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(Terebratula).  Natural  history  of  fresh-water  and  marine  mussels. 
Nature  of  mother  of  pearl.  Formation  Of  pearls.  Pearl  fishery. 
Natural  and  economical  history  of  the  oyster.  Organization  of  snail^ 
and  slugs,  periwinkles,  limpets,  whelks.  Development  of  the  young 
of  the  latter.  Nidamental  capsules.  Cuttlefishes  and  squids. 
Paper  nautilus.  Pearly  nautilus.  The  shipworm  and  Pholas, 
Mechanism  by  which  mbllusks  bore.  Types — Flustra,  Ascidia, 
Terebratula,  Unio,  Mytilus,  Ostrea,  Pecten,  Helix,  Patella,  IMiorina^ 
Buccinum,  Chiton,  Sepia,  holigo,  Argonauta,  Nautilus, 

ix.  Circulatory,  respiratory,  and  reproductive  organs  of  fi^hes. 
Their  dentition.  Natural  and  economical  history  of  the  lamprev, 
sprat,  sardine,  herring,  pilchard,  salmon,  trout,  eel,  cod,  hadaock, 
sole,  flounder,  turbot,  mackerel,  tunny,  sturgeon,  skate,  ray,  dog 
.  fish,  shark.  Electrical  fishes.  Fishes  which  are  capable  of  living 
in  air.  Pisciculture,  or  the  artificial  breeding  of  fishes.  Types — 
Amphioxus,  Petromyzon,  Syngnathus,  Cyprinus,  Perca,  Accipenser, 
Lepidosteus,  Raia,  Spinax, 

X.  Natural  histoiy  of  salamanders,  newts,  frogs,  and  toads. 
Metamorphoses  undergone  by  their  young.  Types — Salamandra, 
Triton,  Rana, 

xi.  Circulatory  and  respiratory  organs  of  reptiles  as  distinguished 
from  those  of  fishes  and  ampmbia.  Natural  history  of  shakes, 
lizards,  crocodiles,  turtles,  and  tortoises.  Tortoise-shell.  Shedding 
of  the  skin  in  reptiles.  Types — Coluber,  Pelias,  Anguis,  Lacerla, 
Crocodilus,  Testudo,  Chelone. 

xii.  Organs  of  locomotion,  respiration,  voice,  circulation,  and  re- 
production of  birds.  Structure  and  mode  of  g^wth  of  feathers. 
Development  of  the  fowl's  egg.  Artificial  hatching.  Migration, 
and  instincts  of  birds.  Natural  history  of  domestic  birds ;  of  the 
ostrich,  the  apteryx,  the  penguin,  and  the  dodo.  Types— Fa/co, 
Corvus,  Columba,  Picus,  Phasianus,  Ardea,  Struthio,  Anser, 

xiii.  Organs  of  respiration,  circulation,  and  reproduction  of 
mammals.  Production  and  nutrition  of  their  young.  Placental 
and  implacental  mammals.  Nature  of  milk  and  of  the  lacteal 
glands.  Peculiarities  in  the  dentition  of  mammals.  Natural  and 
economic  history  of  the  domestic  mammals;  of  the  ivory  and  fur 
yielding  mammals;  of  seals;  of  whales.  The  hybernation  and 
migration  of  mammals.  Characters  of  the  orders  of  mammals. 
Types — Cercopithecvs,  Vespertilio,  Erinaceus,  Lepus,  Elyhas,  Sus, 
Cersus,  Bos,  Ovis,  Felis,  Phoca,  Phoctma,  Dasypus,  Halmaturus, 
Omithorhynchus, 

xiv.  The  distinctive  peculiarities  of  man.  The  characters  of  the 
principal  races  of  mankind,  and  their  geographical  distribution. 
Text-books  for  Physiology. — Carpenter's  Animal  Physiology,  Bohn,  1869; 
Dr.  Kirke's  Manuals  Andrew  Combe's  Physiology  applied  to  Health 
and  Education.  For  Zoology. —  Dallas's  Natural  History  of  Animals  j 
Orr's  Circle  of  the  Sciences  j  Gosse's  Manual  of  Marine  Zoology : 
Professor  Green's  Manual  of  the  Protozoa. 
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GROUP   VIZ. 

Botany. 

This  group  is  taken  under  two  subjects. 

Sufijeet  !• — Vegretable  Pbysioloflry  and  Bconomic  Botany. 

In  this  department  the  candidate  will  be  expected  to  answer  correctly 
questions  on  the  following  points : — 

1.  The  properties  of  the  principal  elements  entering  into  the  composition 

of  plants.  Carbon,  oxygen,  hydrogen,  nitrogen,  sulphur,  phos- 
phorus, chlorine,  iodine,  silicon,  potassium,  sodium,  calcium,  iron. 

2.  The  composition  and  properties    of   the  compomids    forming  the 

principal  part  of  the  structure  of  plants.  Cellulose,  stareh,  dextrine, 
sugar,  fixed  oil,  gluten,  albumen,  caseine.  The  saline  comjiounds 
forming  the  ashes  of  plants. 

3.  The  composition  and  properties  of  peculiar  vegetable  products.     Vo- 

latile oils.  Acids.  Colouring  matters.  Alkaloids.  Neutral  principles. 
Chlorophyll. 

4.  The  origin  and  growth  of  the  vegetable  cell.      The  tissues  of  plants. 

Cellular  tissue.  Intercellular  organs.  Epidermal  tissue.  Hairs. 
Stomates.    Vascular  tissue.    Woody  tissue. 

5.  The  structure  and    functions  of  the  organs  of  plants.    The  root. 

Spongioles.  Absorption  and  excretion.  Nature  of  vegetable  food. 
The  stem.  Structure  of  Exogenous,  Endogenous,  and  Acrogenous 
stems.  The  leaf.  The  forms  of  leaves.  Exhalation.  Stipules  and 
bracts.  The  flower.  Calycine,  CoroUal,  Staminal,  and  Carpellary 
leaves.  Development  ana  nature  of  pollen.  0\'ules  or  seed  buds. 
Vegetable  impregnation.  Embryo.  Seed.  Fruits;  their  nature 
and  forms.  The  nature  of  the  reproductive  organs  in  flowerless 
plants. 

6.  The  composition  and^  nature  of  vegetable  substances  used  by  man  as 

food.  Distinctions  between  heat- giving  and  flesh-forming  foods.. 
Staructure  and  geographical  distribution  of  plants  yielding  starch, 
sugar,  oil,  gluten,  fdbumen,  and  legumin. 

7.  Properties  of  vegetable  substances  used  in  the  arts  and  manufactures. 

Vegetable  secretions  used  as  dyes. — Indigo,  madder,  logwood,  red 

Sanders  wood,  quercitron,  alkanet,  amotto,  gall-nuts,  myrobolans. 
8»  Materials  used  in  the  manufacture  of  textile  fabrics. — Cotton,  flax, 

hemp,  coco-nut,  jute.  New  Zealand  flax. 
?.  Principal  forms  of  timber  trees,  and  their  uses. — Oak,   mahogany^ 

teak,  pine,  &c. 

10.  Nature  of  tanning  principles  and  plants  yielding  tannic  acid. — Oak- 
bark,  valonia,  catechu,  kino,  divi-divi,  betel-nut. 

11.  Gums,  oils,  and  resins  used  in  arts.— Gum  arabic,  benzoin,  rosin, 
turpentine,  camphor,  essential  oils,  coco -nut  oil,  palm  oil,  other 
fixed  oiLs,  caoutcnouc,  gutta  pertsha. 

|i2.  Substances  obtained  from  the  vegetable  kingdom  and  used  as  medi- 
cines.— Opium,  quinine,  tobacco,  jalap,  scaramony,  gentian,  aloes, 
rhubarb,  senna,  ipecacuanha,  sarsaparilla,  castor-oil,  assafcetida, 
myrrh,  nux  vomica,  hemlock. 

Text-books  for  Vegetable  Physiology  and  Economic  Botany. — Henfrey's 
Elementary  Course  of  Botany  j  Van  Voorst.  Carpenter's  Vegetable 
Physiology,  edited  by  Dr.  Lankester;  Bohn.  Schleiden's  Prin- 
ciples of  Scientific  Botany  :  Bohn.  A  Manual  of  Structural  Botany 
by  M.  C.  Cookie.  Archer's  Popular  Economic  Botany ;  Reeve  and 
Co.  lindley's  Medical  and  (Economical  Botany:  Bradbury  and  Evans. 
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Subject  n. — 8j«tematlo  Botany. 

In  this  department  the  candidate  will  be  expected  to  demonstrate  the 
structure  of  plants  ^m  living  specimens. 

1.  The  distinctions  between  the  three  great  classes  of  plants.  Dico- 
tyledons, Monocotyledons,  and  Acotyledons.  Also  of  the  groups 
Gymnosperms,  Rhizanths,  Dictyogens,  Acrc^ens,  and  Thallogens. 

2.  The  characters  of  the  following  orders  of  British  plants  should  be 
mastered,  and  the  typical  genera  recognized,  and  their  structure 
understood. 

3.  AlgtB,    The  natural  history  and  uses  of  sea-weeds.    The  microscopic 

structure  of  diatoms  and  desmids.  Nature  of  the  reproductive 
organs  in  this  order.  Types — Navicula,  Desmidium,  Conferva,  Fucus, 
Ceramium, 

4.  Lichens,  The  natural  history  and  uses  of  lichens.  Strueture  of  their 
reproductive  organs.    Types — Grapkis,  Collema,  Parmelia, 

5.  Fungi.  The  natural  history  of  mushrooms,  puff-balls,  moulds,  blights, 
and  toadstools.  Their  uses  in  nature.  Types — Agaricus,  Bovista, 
Torula,  Aspergillus,  Morchella,  Mucor. 

6.  Mosses.    The  nature  of  their  reproductive  organs.    Types  —Bryum, 

Sphagnum,  Funaria. 

7.  Ferns.     Nature  of  their  rhizomes.      Herbaceous  and  tree  ferns. 

History  of  Development,  and  nature  of  reproductive  organs.  Types 
— Polypodium,  Hymenophyllum,  Osmunda. 

8.  GraminacetB.  The  history  of  grasses  and  their  uses.  Nature  of  the 
flower  in  this  order.  Useful  plants  of  the  order.  Types — Phleum, 
Hydrochloa,  Panicum,  Agrostis,  Arundo,  Spartina,  Avena,  Festuca, 
Hordeum,  Triticum,  Secale,  Nardus,  Anatkerttm, 

9.  Cyperacece.    Sedges.    Types — Carex,  Scirpus. 

10.  LiliaceeB.     The  lily  tribe,  its  useful  properties.     Types — Tulipa, 

Omithogalum,  Muscari. 

11.  AmaryllidacecB.  The  family  of  the  narcissus,  snow-drop,  snow-flake. 
Types — Narcissus,  Galanthus. 

12.  Orchidac€(B.  The  orchis  family.  Structure  of  reproductive  organs* 
Types — Orchis^  Goodyera,  Malaxis,  Cypripedium. 

13.  Amentacea.  The  family  of  the  hazel,  chestnut,  oak,  willow,  birch, 
beech,  poplar,  and  hornbeam.  The  uses  of  these  plants  as  timber, 
&c.  Types — Quercus,  Corylus,  Fagus,  Castanea,  Betula,  Myrica, 
Salix,  Populus, 

14.  Urticace(B.  The  nettle  and  hop  tribe.  Its  relations  to  Moracete, 
Artocarpacte,  Cannabinacea,  and  Ulmacea.  The  nature  of  the 
stings  of  Urtica,  and  the  bitter  principle  of  the  hop.  Types — Urtica, 

•  Panetaria,  Humulus. 

15.  Euphorhiacece.    The  spurge  family.    Foreign  forms  and  their  uses. 

Croton,  Cascarilla,  Ricinus,  Janipha»  Apetalous  and  Polypetalous 
forms.    Types — Euphorbia,  Buxus. 

16.  Polygonacece.  The  buckwheat  and  rhubarb  tribe.  Types — Poly» 
gonum,  Rumex, 

17.  Primulacece,  The  primrose  family.  Theory  of  the  peculiar  position 
of  stamens.    Types — Primula,  Lysimackia. 

18.  LabiatcB.  The  dead  nettle  tribe.  Peculiar  properties  of  this  order. 
Types — Mentha,  Salvia,  Thymus,  Nepeta,  Lamium,  Teucrium. 

19.  ScrophulariacetB.  The  scrophularia  tribe.  Nature  of  the  poisonous 
properties  of  the  order.  Types — Scrophularia,  Digitalis,  Verbascum, 
Euphrasia,  Veronica,  Melampyrum. 

20.  Boraginacecs.  The  borage  tribe.  Peculiarities  of  their  epidermis* 
Useful  species.  Types — Cynoglossvm,  Borago,  Echium,  Myosoiis 
Ldthospermum. 

21.  Solanaceee.  The  tribe  of  deadly  nightshade,  henbane,  tobacco,  and 
potato.  Useful  and  poisonous  species.  Types — Solanfum,  Atropa, 
Uyoscyamu,,  Datura.  ^^^^^^^^^  ^^  GoOgle 
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2.  Ericaceae  The  heath  tribe.  Its  distinotiou  from  Epaeridaeea. 
Types — Erica,  Arbutus,  Vaccinium,  Pyrola,  Monotropa, 

23.  Composite.  The  composite  family.  The  number  of  species  and 
geographical  distribution.  Structure  of  the  sub-orders  AsteracetBf 
Cichorace<B,  and  Cynaracea,  Types — Tussilago,  Aster,  Inula,  Gna- 
pkalium,  Bellis,  Artemisia,  Achillea,  Carlina,  Carduus,  Cichorium, 
Leontodon,  Lactuca,  Crepis, 

24.  Stellata,     The  Stellate  tribe.      Its  relation    to   Cinchonacea   and 

Caprifoliacea.  The  properties  and  useful  plants  of  Cinchonaceae. 
Types — Galium,  Rubia. 

25.  UnifelUfera.  Umbel  bearing  plants.  Character  of  inflorescence 
and  flowers.  Nature  of  fruit.  Structure  of  cremocarp.  Proper- 
ties of  the^  order.  Types — Hydrocotyle,  Sanicula,  Eryngium,  Apium, 
Sium,  jEthusa,  CEnanthe,  Crithmum,  Angelica,  Pastinaca,  Daucus, 
Torilis,  Scandix^  Conium,  Coriandrum, 

26.  CucurbUace€B.  Melon,  cucumber,  and  gourd  family.  Useful  plants 
of  this  order.    Type — Bryonia. 

27.  Rosacea.  The  rose,  apple,  cherry,  and  plum  tribe.  Forms  of  the 
fruit.  The  useful  plants  of  this  order.  Types — Prunus,  Spiraa, 
Fragaria,  Rubus,  Geum,  Rosa,  Cratesgus,  Pyrus, 

28.  LeguminosiB.    The  bean,  pea,  and  clover  family.    Principal  divisions 

of  the  family.  Structure  of  the  flowers  and  fruits.  Useful 
plants  of  the  order.  Types — Ulex,  Trifolium,  Vicia,  Astragalus, 
Omithopus. 

29.  Crucifera.  Cabbage,  turnip,  and  mustard  tribe.  Structure  of  the 
flowers  and  fruits.  Useful  plants  of  the  order.  Properties.  Types— 
Nasturtium,  AUiaria,  Brassica,  Sinapis,  Armoracia,  Iberis,  Isatis, 
Crambe,  Cakile. 

30.  Papaveracea.  The  poppy  tribe.  Properties  and  mode  of  collecting 
opium.     Natiu-e  of  fruit.    Types — Papaver,  Glaucium,  Chelidonium. 

31.  Ranunculacea.  The  crow-foot  tribe.  Structure  of  abnormal 
genera ;  Aconitum,  Aquilegia,  and  Delphinium.  Nature  of  poison  in 
order.     Types — Ranunculus,  Clematis,  Helleborus,  Paonia,  Anemone, 

Text-books  for  Systematic  Botany. — lindley's  Vegetable  Kingdom.  For 
British  Botany. — Bentham's  Handbook  of  the  British  Flora,  or 
Babington's  Manual  of  British  Botany^ 


GROVP    VZZZ. 

Mining  and  Metallurgy. 
This  group  is  taken  under  two  subjects. 

Subject  Z.— Xainini*. 
The  Art  of  Mining  embraces  so  wide  a  field  of  study  that  equal  prac- 
tical proficiency  in  its  various  branches  is  not  to  be  expected ;  but  those 
who  wish  to  gain  a  general  knowledge  of  it  may  be  recommended  to 
direct  their  attention  to  the  subjoined  heads,  viz. : 

1.  Geology  and  Mineralogy,  more  particularly  those  portions  of  the 
sciences  which  bear  on  the  following  subjects, — ^the  nature  and  position 
in  the  earth's  crust  of  the  useful  minerals,  the  classes  of  rock  with 
which  they  are  severally  associated,  the  special  character  of  heaves, 
throws,  troubles,  and  all  kinds  of  dislocation ;  the  particular  differences 
between  beds  and  lodes,  and  their  minerals,  and  the  chief  featm*es  of 
irregular  repositories. 

2.  The  methods  of  prospecting  and  searching  at  surface  for  ores  and 
other  minerals. 

3.  Breaking  of  ground ;  the  various  implements  employed,  their  form, 
dimensions,  and  we%ht ;  boring  for  shots ;  the  various  modes  of  firing 
charges.    Heavy  charges,  how  calculated  and  fired;  rules  for  ensuring^ 
safetv.  '^ 


.    4.  Deep  borings  under  what  circumstances  applicable^ — apparatus  for 
description  of  varieties  in  use ;  lining  of  bore-holes. 

5.  Management  and  supervision ;  payment  of  men  employed  at  mines, 
at  surface  and  underground^  varying  in  principle  with  the  different 
classes  of  operation ;  reasons  for  tut-work  or  piece-work,  and  tribute  or 
bing-tale  under  different  circumstances.  Calculations  for  cost  of  drivings 
sinking,  tramming,  &c. 

6.  Physical  principles  of  ventilation ;  practice  of  mines  where  simple 
•natural  ventilation  is  employed ;  ventilation  of  large  areas  and  of  deep 
or  complicated  workings  by  guiding  the  natural  current;  artificial 
means,  and  their  details,  for  promoting  ventilation.  Precautions  to  be 
-taken  under  specially  dangerous  conditions. 

7.  Illumination,  of  various  kinds,  their  economy ;  safety  lamps  in  all 
.their  best  modifications;  circumstances  under  wUch  they  should  be 
employed ;  precautions  in  their  use. 

-  -8.  Mechanical  division  of  the  subject.  Strength  of  materials  used  in 
mines ;  human  and  horse  power,  principles  and  construction  of  machines, 
to  which  they  are  appliea.  Hydraulic  machines ;  construction  of  the' 
water-wheels,  turbines,  and  pressure  engines  most  suitable  to  the  various 
operations  of  mining.  Steam  engines,  for  pumping  and  for  winding ; 
arrangement  and  construction  of  the  varieties  mOSt  in  use.  Form  and 
dimensions  of  boilers.  Pumps  employed  in  mines,  mode  of  placing 
them ;  construction  of  the  lifts ;  materials  and  details  of  the  rods,  set- 
offs, counterbalances,  cisterns,  snd  catches.  Circumstances  under  which 
dams  are  erected  in  shafts  or  levels ;  mode  of  building  them. 

'     Tubbing  of  water  from  shafts;  conditions  under  which  it  may  be 

•done;  details  of  the  operation  with  various  materials,  wood,  brick,  stone, 
cast  and  wrought  iron. 
.    Rails,  waggons,  and  tubs  for  underground  conveyance ;  employment 

•of  horses  and  of  fixed  steam  engines  for  this  purpose. 

Raising  of  the  mineral  through  the  shafts;  various  methods  in  use; 
chains,  ropes  (of  hemp  or  wire),  their  weight,  &c.    Details  of  the  best 

•application  of  drums,  cages,  guides,  keeps,  and  safety  doors.  Pulleys 
and  shaft  ^mes  or  poppet  heads;  protection  against  over-winding; 
aafety  clutches,  &c.  in  case  of  breakage  of  rope. 

9.  Opening  of  ground ;  quarries  and  open  work ;  driving  of  levels, 
various  dimensions  and  directions  according  to  circumstances ;  sinking 
of  shafts,  inclined  or  perpendicular ;  advantages  of  either  kind  under 
certain  conditions ;  means  of  securing  levels  and  shafts  by  timber  or  by 
walling ;  details  of  the  various  methods.  Driving  or  sinking  in  heavy 
or  running  ground. 

10.  Working  excavations;  plan  of  laying  them  out,  and  means  of 
security  to  be  adopted  whilst  they  are  kept  open.  This  will  include  the 
stoping  of  metalliferous  veins,  and  the  various  modifications  of  post  and 

^ stall,  long-work,  &o.,  which  are  applied  to  stratified  deposits. 

1 1 .  Travelling  in  shafts ;  prevention  of  accidents  by  proper  fitting  and 
dividing ;  mode  of  placing  ladders  and  sollars ;  lifting  machine  for  men, 
construction  and  advantages  of. 

12.  Dressing  of  minerals.  Arrangement  of  dressing  floors.  Con- 
:  straction  of  crusher  and  stamps ;  washing  of  coal ;  jigging,,  concen- 
tration, and  separation  of  metallic  minerals. 

The  student  may  be  advised  among  other  sources  of  information  to 
'  consult  the  following  works : — 

De  la  Heche's  Report  on  Cornwall  and  Devon.  Greenwell's  Treatise 
on  Mine-Engineering.  Dunn  on  the  Winning  and  Working  of  Co/- 
lieries,  Hedley  on  Colliery  Working  and  Ventilation.  Evidence 
before  Committees  of  the  Houses  of  Lords  and  Commons  on  Acci^ 
dents  in  Mines.  Reports  of  H.M.  Inspectors  of  Coal  Mines. 
Transactions  of  the  Northern  Institute  of  Mining  Enginms. 
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Subject  ZZ.—MetaUnri^. 

Zm  Zntroduetion. 

•'  On  certain  physical  properties  of  metals.  Action  of  heat,  specific 
gravitjr,  crystzillization,  fracture,  malleability,  ductility,  tenacity,  con- 
ductivity of  heat  and  electricity,  opacity,  lustre,  colour.  General  con- 
siderations on  metallurgical  processes.  Modes  of  occurrence  of  metab 
in  nature,  ores,  reduction,  smelting,  roasting,  liquation,  slags. 


ZZ.  VueL 

General  remarks,  calorific  power,  calorific  intensity,  classification  of 

.  fuels,  wood,  peat,  lignite,  coal,  charcoal,  coke,  gaseous  fuel  and  gas 

'  furnaces,  charcoal  burning,  coke  burning,  typical  varieties  of  coke  ovens, 

comparison  of -fuels  with  respect  to  calorific  power.    This  important 

"branch  of  the  subject  is  treated  with  much  detail. 

r 

XIZ.  Befraetorj'  materials  eaaployed  In  tlie  ooiistniotioii  of 
ftumaoepp  emeiMetft  *«• 

Fire-clays  British  and  foreign,  crucibles  of  various  kinds,  nlumbaga 
and  its  amplication  to  crucibles,  manufacture  of  crucibles,  nre-brick9> 
>ilica  and  its  applications,  Dinas  fire-bricks,  sand  and  sandstones. 

ZV.   Bpeoial  BBetallnrfy. 

Copper.— rCompounds  of  special  importance  in  the  metallurgy  of  this 
'metal  fully  described,  such  as  the  disiilphide,  oxides,  &c.,.  ores  of  cop- 
per, copper-smelting  in  reverberatory  and  blast  furnaces,  reactions 
occurring  in  the  process,  kernel-roasting,  '  wet '  methods,  of  extracting 
copper  from  its  ores,  assaying  of  copper  ores  by  *  dry  *  and  '  wet  *  methods, 
ship  sheathing. 

Zinc» — In  describing  the  metallurgy  of  zinc  and  the  following  metals, 
the  same  plan  will  be  followed  as  in  describing  the  metallurgy  of  copper, 
that  is  to  say,  the  compounds  of  special  metaUurgical  importance  will  be 
first  considered  in  detail,  as  well  as  the  reactions  upon  which  the  various 
processes  of  smelting  essentially  depend,  and  the  construction  of  the 
furnaces  will  be  fully  explained. ,  Ores  of  zinc,  English,  Belgian,  Silesian, 
and  Carinthian  methods  of  extraction,  assaying  of  zinc  ores  brass,  its 
history,  properties  and  manufacture. 

Lead. — Ores  of  lead,  lead  smelting  in  the  '  ore-hearth,*  low  blast  and 
reverberatory  furnaces,  lead-fume  and  various  methods  adopted  for  its 
condensation,  assaying  of  lead  ores. 

Silver. — Ores  of  silver ;  smelting  of  silver  ores  with  lead  5  cupellation ; 
desilverization  of  lead  by  Pattinson's  process,  also  by  that  of  Parkes ; 
treatment  of  argentiferous  copper  by  liquation;  extraction  of  silver; 
amalgamation,  the  old  Freiberg  method  and  the  Mexican;  Ziervogeland 
Augustin's  '  wet '  methods ;  treatment  of  argentiferous  copper-regulus ; 
alloys  of  silver  and  copper;  standard  silver ;  assaying  of  silver  ores  and 
all^s. 

Uold, — Modes  of  occurrence  of  gold  in  nature ;  extraction  by  amal^ 
mation  and  by  smelting  with  lead ;  chlorine-water  as  a  solvent  for  uie 
extraction  of  gold  from  certain  ores ;  separation  of  gold  from  silver  or 
parting  by  nitric  and  by  sulphuric  acids;  alloys  of  gold  with  the 
preceding  metals;  standard  idloys;  assaying  of  auriferous  ores  and 
aJloys. 
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Mercury. — Ores  of  mercury ;  extraction  in  the  Almaden,  Idrian,  and 
Hiihner  furnaces ;  in  letorts  in  admixture  with  reducing  agents ;  assaying 
of  the  ores  of  mercury. 

Antimony. — Ores  of  antimony ;  liquation  of  the  native  sulphide  and  its 
subsequent  reduction  by  iron  or  other  agents ;  alloys  of  antimony,  type 
metal,  &c. ;  assaying  of  the  ores  of  antimony. 

Bismuth. — Mode  of  occurrence  in  nature;  its  extraction  from  ores 
containing  it  by  liquation ;  alloys  of  bismuth. 

Nickel. — Ores  of  Nickel;  modes  of  extraction,  generally  by  a  com- 
bination of  *  dry '  and  *  w,ei  *  processes ;  alloys  of  nickel,  especially  those 
known  as  German  silver ;  assaying  of  nickeliferous  ores  and  alloys. 

Cobalt. — Ores  of  cobalt ;  smelting  ajid  preparation  of  zaflpre  and 
cobalt  colours,  smalts,  &c. ;  separation  of  mckel;  assaying  of  cobalt 
ores. 

Arsenic. — Mode  of  occurrence  in  nature ;  arsenious  acid  or  '  glass '  of 
arsenic,  generally  obtained  as  a  secondary  product  in  the  treatment  of 
certain  other  ores,  such  as  those  of  nickel,  cobalt,  &c. ;  modes  of  con- 
densation of  arsenical  fumes ;  preparations  of  arsenical  *  glass,' 

Tin. — Ores  of  tin ;  smelting  in  reverberatory  and  blast  furnaces ;  tin 
refining ;  varieties  of  tin  in  commerce ;  alloys  of  tin,  with  the  preceding 
metals,  bronze,  gun-metal,  bell-metal,  &c. ;  assaying  of  tin-ores. 

Iron. — Malleable  iron ;  steel ;  pig-iron ;  ores  of  iron,  direct  extraction 
of  iron  in  the  malleable  state  from,  the  ore;  smelting  of  iron  in  the 
modem-blast  furnace;  construction  of  blast-furnaces  and  blowing 
machines ;  economic  apphcation  of  the  waste  gases ;  conversion  of  pig  into 
bar  iron  in  open  hearths  and  in  the  reverberatory  furnace ;  manufactinre 
of  steel  by  various  methods.  This  department  of  the  subject  will  be 
treated  at  considerable  length. 

Various  Metals. — Platinum  and  its  associated  metals;  cadmium; 
sodium;  aluminium;  tungsten;  titanium;  manganese. 
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LIST  OF  SCIENCE  SCHOOLS  AND  CLASSES, 


Town. 

Where  held. 

Teacher. 

Secretary. 

Secretary's 
Address. 

Total  No. 
1  under  In- 
struction 
in  1862-3. 

Subjects 
taught  and 

l^.in 
each  Clam 

in  1862^. 

Aberdeen 

Mechanics    In- 

Prof. Brazier, 

J.  Sinclair     - 

Science  School, 

66 

16Th.&Ap.Mec. 

stitution. 

Dr.  Beveridge, 
D.  Maver. 

Aberdeen. 

30  Chem. 
27  Botany. 

Accrington     - 

do. 

H.  P.  Meaden 

H.  G.  Duffield 

Christ    Church 
Street,   .  Ac- 
crington. 

19 

19  In.  Chem. 
14  Or.  Cbem. 

Accrington     - 

New  Jerusalem 

H.P.Meaden 

J.  W.  Kenyon 

26 

26  Or.  Chem. 

Almondbniy  - 

School. 
Central   School 

G.  Jarmain    - 

Rev.  L.  Jones 

Accrington. 

The     Vicarage, 

Almondbury. 

14 

14  In.  Cbem. 
8  Mineralogy.; 

Mechanics     In- 
stitution. 

H.P.Meaden 

J.  Newbigging 

Bacup 

19 

19  In.  Chem. 

Banbuiy 

British  School  - 

J.H.Beale    - 

J.Cadbury    - 

Banbiuy 

68 

47  A.  ^* 

Banbniy 

Tjaboratory,     6, 
High  Street. 

T.  Beesl^     - 

J.  Cadbury    - 

BaTibuiy 

e. 

20  In.  Chem. 
10  Or.  Chem. 

Belflist    .       - 

National  Model 

P.  Bardley     - 

W.ILMolloy- 

10  College  Square 
East,  Belfast. 

70 

20  Ex.  Pb. 

School. 

61  Chemistry. 

Belfast    «       . 

Museum    - 

ILTate 

J.T.  Murphy - 

13  College  Square 
East,  Belfast. 

84 

63  In.  &  Or.  Chem. 

11  Phy.  &  ZooL 
47  Botany. 

Binningbam  - 

Midland   Insti- 

W.M. Williams 

T.Martineau- 

7  Cannon  Street, 

67 

• 

tute. 

Birmingbam. 

Binuingbam  - 

School  of  Art    - 

C.  Laundy     - 

20  Paradise  Street, 
Birmingham. 

81 

81  Mec  Drawing. 

Bolton     -       - 

Bridge     Street 
School. 

T.Ward 

G.  Knowles  - 

Tudor       Villa, 

15 

16  In.  Cbem. 

Heaton,  near 

Bolton. 

Brimscombe    - 

Science  School  - 

W.Vick 

J.  Beddus      - 

Brimscombe     - 

47 

47  Cbem. 

Bristol     -       - 

Trade  School    - 

T.  Coomber, 
W.  Rowdcn, 
H.  Pulton. 

J.Wilkson    - 

Trade     School, 
Bristol. 

106 

61  Geo.  Draw. 
41  Meo.  Draw. 
21  Build.  Con. 
30  Tb.  Mec 
33  App.  Mec 
71  In.  Chem. 
12  Or.  Chem. 

19  Geology. 

20  Mineralogy. 

Bumley  • 

Mechanics    In- 
stitution and 
Grammar 
School. 

L.  Caenient    - 

J.  Sutherland 

Post  Oflace,  Bum- 
ley. 

72 

72  In.  Cbem. 
16  Or.  Chem. 

Burnley  • 

Cliurch  of  Eng- 
land Literary 
Institution. 

H.  P.  Meaden 

B.W.Briggs- 

North    Parade, 
Bumley. 

16 

16  In.  Chem. 
2  Or.  Cbem. 

Calne      -       - 

Mechanics    In- 
stitution and 
Middle  School. 

J.  Bownas     - 

Eev.      Canon 
Guthrie. 

The     Vicarage, 
Calne. 

fiO 

40  In.  Cbem. 

Camborne 

Carrickfergus - 

Parochial  School 

R.  Tate 

W.  Molony    - 

Union  Hall,  Car- 

60 

69  Geology. 

Chester    - 

House. 

rickfergus. 

60  Botany. 

Chippingcam- 

Boys       School, 
Church  Street. 

-W.  Gurin       - 

Campden,  Glou- 

17 

17  Ad.  Phy. 

den. 

ton. 

cester. 

Crewe      •       • 

Crow's  Nest    - 

Dedbam  - 

Literary    Insti- 
tute. 
Mechanics    In- 

J. C.  Clough  - 

J.  M.  Rodwell 

Dedham           • 

0 

6  Chem. 

Drogbeda 

J.  DowUng    - 

P.  E.  Qr^     - 

Drogbeda 

44 

32  In.  Chem. 

stitute. 

32  Or.  Cbem. 
14  V.  Phy. 
14  S.  Botany. 
12  Metallurgy. 

Dudley    -      - 

Mecbanics    In- 

J. Jones 

T.Wright      - 

WellmgtonRoad, 
Dudley. 

30 

30  In.  Cbem. 

stitute. 

Glasgow  •       - 

Secular  School 

J.  Mayer 

R.  S.Cunliffe- 

21  Carlton  Place, 
Glasgow. 

102 

26  Chem. 
70  An.  Phy. 
52  Botany. 
66  Metallurgy. 

Glasgow  •      • 

Andersonian 

•                        a                        • 

R.B.Smith  - 

89  Garnet  Hill, 

University. 

Glasgow. 
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Town. 


j  Gloucester 

OuunisLake  - 
Halifax    - 

Haslingden     - 
Hastings  -  •     - 

Helston  - 
Hereford - 

Hollinwood     - 
Huddersfield  - 

Klnver    -    .  - 

Leeds 

f        Lisbume  - 

Liskeard  - 
Liverpool 


London : 
BethnalGreen 

Chancery 

Lane. 
Charterhouse 
Great  Ormond 

Street. 
Highgate 

Isltngrton 
P(^ar  - 


Kingsland    - 


Kingslaud    - 


Lostwithiel 
Macclesfield 


Macclesfield 
Manchester 

Manchester 


Where'held. 


Blue  Coat  School 


"Working  Man*s 

College. 
The  Institute '  - 


Temperance  HaU 


Proprietary 

School. 
Kational  School 


Literary  ilnd  Sci- 
entific Institu- 
'  tion.     ; 


Science  School  - 

Mechanics    In-« 

stitution. 
Presbyterian 

School. 

Pree '  Library, 
"William  Brown 
junior. 


Birkbecis;  School 

London  Mechan- 
ics Institution. 

"forking  Men's 

College. 
Holly      Lodge, 

West  Hill. 
Public    School, 

Lower  Boad.  • 

Sailors' Home  • 


Teacher. 


British    School 
Boom. 


Birkbeck  School 


Modem      Eree 
School. 

Christ    Church 

School. 
Mechanics    In- 

stitution. 

Class  Rooms,  6S 
Corporation 
.  Street. 


W.Jeffeiy     - 

J.Noble 

H.  P.  Meoden 

T.  Jones 


S.  Crawley 
J.  Mellor 


X  Jermain 
1.  Tindajl 


W.  M.  Packer 

G.Ward 

B.Tate 

Dr.     Colling. 

wood. 
E.  H.  Birken 

head. 
£.  Bowea 
N.  Samu^son 

ILW.Pite 
J.  C.  Doilghis 

A.  Gnigeon 
M,  C.  Coote 
J.  Howard 


W.  Stockton 
B..Strachan 


ILBithell  - 
J.  Bantz 

J.  Chadwick  - 

G.  J.  Sueluji  - 

J.  Angell 

J.  Mellor  - 

F.  Hudsofa  - 


Secretary. 


B^v.  C.Crawley 

G.Gibb- 
J.  Binns 


Rev.  "W.  W. 
Hume. 


R.M.Lingwood 
J.  Fletcher    - 

Q,  W.  Rhodes 


T.  Bolton  "    - 

B.  Blake  and 
J.  Pickering. 
J.Millar 


J.  Samuellson 


Secretary's 
Address. 


J.PearsaU     - 

G.PhiHipson 
T.  Shorter     - 

Rev.  J.  B.  Dyne 


Grey       Friars, 
Gloucester. 


Haley  Hill,  Ha- 
lifax. 
Haslingden 


Mary  Magdalen's 
Parsonage,  St. 
Leonards- on- 
Sea. 

Lyston     Court, 

Hereford. 
Hollingwood    - 


80  Ramsden 
Street,  Hud- 
dersfield. 


]Sycle  House,  near 
Stourbridge. 

Mechanics  Insti- 
tution, Leeds. 

Market  Square; 
Lisburn. 

Science  School, 
"William  Brown 
Street,  Liver- 
pool. 


Subjects 
taught  and 

No.  in 
each  Class 

in  1862-8. 


G.  Bond 

J.  Jackson 

J.Brooker 
E.  Simpson 

T.  Gregory 


45  Great  Ormond 

Street. 
School    House, 

Highgate,  N. 


SWaJcot  Place 
Hackney,  N.£ 


97  Great  King 
Street,  Mac- 
clesfield. 

64  Mill  Street, 
Macclesfield. 

Mechanics  In- 
stitution, Man- 
chester. 

"Victoria     Park, 

..  Manchester, 
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I35Ac;l.&h. 

24  Ma«.  &  Elec 
24  Or.  Chexzu 

3iln.  Ghem. 
18  Or.  Chem:     * 
15  Mag.  &  Elec. 
14  In.  Chem. 
12  Or.  Chem. 
21  Geo.  Draw. 


-i  20ln. Chem. 
I  2  Or.  Chem. 

HOeo-l^aw, 
;  24MecDraw. 
I  24  Build.  Const. 
,  l^In.  Ch^m^ 
i  9  Or.  Chem. 

aZooL 
I  8  In.  Chem. 
I  2An.Phy8. 
,  32.  in.  Chem. 

^Zoology. 
25  Botany. 

74'Ac.L&Heat. 

74  Mag.  &  Elec 
23.  In,  Chem.      ! 
37.  Geology. 
37  Minenuogy. 
18  Zoology.  I 

18  Botany. 

43  Ex.  Phys. 
40  An.  Phy. 
50  Mag.  &  Elec.  I 
50  An.  Thy. 

ll'v.Phy.  I 

11  S.  Botany. 

19  V.  Phy. 

40'Ex.  Phys. 
24  Chem. 
40  An.  Phy. 
6  Geo.  Draw. 

12  Th.  Mec. 
12,Ap.  Mec  I 
6  Ac.  L.  A  H. 

6  Mag.  A  Blec. 
$  In.  Chem. 
68  Geo.  Draw. 


no  Ex..  Phys. 
110  Chem. 
llOPhy^.&Zool. 

$3  In.  Chem. 


80  In.  Chem. 

100  Geo.  Draw. 
45  An.  Phy. 

15  M.  Phy. 
35  Jn.  Chem. 
Or.  Chem. 
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Town. 


Marazion 
Margate  -  *    - 

Metropolitan  set 

London. 
Middlesbro' 

Middleton 

DTelston  in  Mars- 
den. 
Netherton 

Xorthormesby 


Nottingham 
Oldham   - 

Fadiham  - 
Fftinswick 
Pendleton 

Qneenshead 

BawtenstaU 

Bedmth  - 
St.  Agnes 
8t.Day    - 
8t.  Ives    - 
St.  Leonards 


Bt.JU8t     - 

Balford  . 
Bbugh  . 
Stockport 

Stroud     - 


lEkndridge 

hvistock 
ntwistle 


Cfnrardreath  - 
Upton  St.  Leo- 
nards. 
Wednesbniy   - 

WigKo.     - 

VIndsor  • 

VolTerluunpton 

Foolwich 


Where  held. 


Long  Street 

Mechanics  In- 
stitut^on. 

Mechanics  -In- 
stitution. 

Class  Boom, 
Smeaton  I^uie. 

Mechanics  In- 
stitution. . 

Parish  Church 
Schools. 

Working  Men's 
Trade  UaU. 

Girls  National 
School  Booms. 

Mechanics  In- 
atitution. 

National  School 

Mechanics  Jn- 
stitution.  • 


Improvement  So- 
ciety'i  Booms. 


Working  Men's 
CollB^. 

Mechanics    -In- 
stitution, 
do.     - 


Lecture  Hi^  of 
Mutual  Im- 
provement So- 
ciety. . 

Club  Boom 


National  School 


The  Schpol  Boom 

Mechanics  In- 
stitution. 

Mechanics  In- 
stitution. 

Working  Man's 

Institute. 
Christian  Instl- 

tutioriT 
Mechanics    In- 

stitut!0ffB6y&I 

Arsenal. 


Teaoher. 


W.Crosslejr  - 
G.W.Wheeler 
L.  Clement   - 

B.  Bentley  - 
B.We«therm 

Dr.  T.  Wilson 
J.'MellcJr     ■  - 

L.*Clement  - 
M.Pullen  • 
W.Hudson   - 

J.-HaUiday  •- 
H«  P.  Meaden 

C.  Twite 

T.  Jones 


C.p*Neil 
J.-Dorre^l    ; 
W.  Hudson 


M.Pullea 
W.Vick 
D.  Paine 

W.'  Brears 


W.  Cooper     - 

W.  J,  Da»vies.- 

John  Jones    - 

£.  H*.  Birken- 
head. 

J.H.Hether- 

ington, 
John  Jones   - 

Thos.  Jones  - 


Secretary. 


J.  Boulden 


W.  Taylor      - 

Bev.    J.    W. 

Walker. 
J.  Sutherland 

G.  W.  Bhodes 

Bev.    Y.    A. 
Moyle. 

L.Liepman  • 

Bev.  D.M.  Al- 
exander. 

J.  Sutherland 

Bev.  W.  Moles- 
worth. 
T.  Gregory    ■ 


G.  Turner 


i.Paul 


Bev.  W.   W. 
Hume. 


Iff.  Noare 
J.  Chapman  • 
T.  Gregoiy    - 


Bane  Hill  House, 
Margate. 


Middlesbro' 
Middleton 

Post  Office,Bum- 

ley, 
SOBamsdenStreet 

Huddersfleld. 
Nortbormesby, . 

Middl0sbro'-on« 

College      Villa* 
Nottingham. 
Oldham   • 


.Post  Office,  Bum- 
ley. 
Fainswick 

Victoria    Park, 
Manchester. 

Queenshead,near 
Halilkz. 


Camborne 


S.  T.  Dudridge. .  Bowbridge, 
Stroud. 


B6v.A.S.0'Cai- 
laghan. 

P.  Taylor 


Bev.  J.  Betts 
0.  T.Britten - 
M.  W.  Pearce 

J,  H.  Pasmore 
J.  N.  Langley 
B.  Mc'Orath  - 


Secretary's 
Address. 


Mary  Magdalen'') 
Parsonage,  St. 
LeonardVon- 
Sea. 


Town  Hall^  Sal^ 

ford. 
Upton     Grove, 

Slou§$h. 
Victoria    Park, 

Manchester. 


Ozted 


TintwistleiHad- 
fleld,  Marches- 
tor.         I 

Uploh  St.!  Leo- 
nards.   ) 
Wednesbu^y     - 

Wigan       f 


9  William  Street, 

Windsor. 
Mowbry  House, 
Wolverhampton. 
Boyal  Gun  Fao- 
-  toriee,  Wool- 
wich. 
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Subjects 
taught  and 

No.  in 
each  Class 
in  1862-8. 


17  In.  Chem. 

17  Or.  Chem. 
6  Ac.  L.  AH. 
12  Mag.  A  Eleo. 
15  lu.  Chem. 

12  In.  Chem. 

10  In.  Chem. 

63  In.  Chem. 

95  Geo.  Draw. 

96  Moc.  Draw. 
96  Build.  Con. 

11  In.  Chem. 

18  Maff.  A  Eleo. 
20  In.  Chem. 

13  Geo.  Draw. 
18  Mec.  Draw. 
18  Build.  Con. 

13  In.  Chem. 

14  In.  Chom. 


18  In.  Chem. 

29  Geo.  Draw. 

26  Geo.  Draw. 
26  Mec.  Draw. 

26  Build.  Con. 
82  Chemistry. 

27  Geology. 
34  An.  Phy. 

12  Mag.  &  Elec. 
16  Geology. 

6  Th.  Mec! 


22  Mag,  &  Eleo. 
SV.ffir. 
16  In.  Chem. 

87  In.  Chem. 
16  Gteology. 
14  Mining 
21  Geo.  Imiw. 

16  In.  Chem. 

61  Geo.  Draw. 
65  Mec.  Draw. 
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SCIENCE  AND  ART  DEPARTMENT  OF  THE 

COMMITTEE  OP  COUNCIL  ON  EDUCATION, 

CxoifWBLL  Road,  South  Kensington. 

Lord  Ptuident,  The  Right  Hon.  the  Earl  Grantillb,  K.G. 

Viee-PtemdeiUo/ae  Committee  of  OmMcU  on  Edkcatkm^  The  Right  Hon. 

H.  A.  Bruob,  M.P. 

Lmt  of  Officers  of  the  Science  and  Art  Department. 

Office  hours  10  till  4. 

General  Adionistration. 

^ecretoiy.—Henry  Cole,  C.B. 
AMutant  Secretary,— ISorman  MacLeod.     Chi^  OReri(.— E.  Stanley  Po(^ 
J'irgt-ekue  Clerks.— Q.  F.  Doneombe,  G.  a  T.  Baraey,  S.*  iii.  I  &  2  ;  nr.  1 ; 
T.  1 ;  Ti.  1.  ;  A.  Snd  grade  ;  J.  B.  RondelL 
Second-clou  aerks.—P.  B.  B.  Peile,  A.  H.  GasparinL 
ProvUkmai  Oerkt,—^,  Belshaw,  A.  2nd  grade  ;  W.  Burtt ;  A.  S.  Cole,  A. 
2nd  grade  ;  F.  Groser,  A.  2nd  grade ;  T.  Hickson,  A.  2nd  grade ;  C.  A. 
Pierce,  A*  2nd  grade. 
Assistamt  CZer2«.— W.  H.  F.  Stratton,  C.  Comyns,  C.  G.  Qninton. 
Accountant. — A.  L.  Simkins. 
Book-keeper.—^  W.  Williams.    Assistant  Book-keeper.— T.  A.  Bowler. 
Storekeeper,— Yf.  G.  Groser.    Deputy  Storekeeper. — ^H.  Lloyd. 

SciBNOB  Division. 

Inspector  for  Science, — J.  F.  D.  Donnelly,  Captain  R.E. 
Occasional  Inspectors, — 
(ScftfMce)  J.  F.  Iselin,  M.A.    {Navigation)  Captain  Harris,  E.LS. 
Professional  Examiners  for  Science, — Professors  T.  Bradley  ;   Rev.  B.  M. 
Cowie,  B.D. ;  A.  W.  Hofinann,  LL.D.,  F.R.S. ;  T.  H.  Huxley,  F.R.S. ; 
Dr.  Kinkel,  Ph.  D.,  F.R.Q.S. ;  J.  Percy,  M.D.,  F.R.S. ;  A.  C.  Ramsay, 
F.RS. ;  W.  W.  Smyth,  M.A.,  FJLS. ;  J.  Tyndall,  F.R.S. ;  Rcy.  Joseph 
Woolley,  LL.D. 

Art  Division. 

Inspector-General  far  Art. — Richard  Redmve,  R.A. 

Inspectors  for  Art.—H,  A.  Bowler,  R.  G.  Wylde,  A.  iii. 

Occasional  inspectors  for  Art. — Eyre  Crowe,  S.  A.  Hart,  R.  A. 

Professional  Examiners  for  ^t— Sir  Charles  L.  Eastlake,P.R.A.,  F.R.S. ; 

Daniel  N.  Maclise,  R.A. ;  J.  C  Horsley,  A.RA. ;  Richard  Redgrave,  RA. 

'    South  Kensington  MnsBuic. 
General  Superintendent, — Henry  Cole,  C.B. 
Deputy  General  Superintendent— B.  R  Festing,  Captain  R.K 
Engineer  and  Architect — ^Francis  Fowke,  Captain  RE. 
Decorative  Artist — Godfrey  Sykes. 
Science  Referee  for  the  Museum. — ^Francis  Fowke,  Captain  RE. 
Art  Btferees  for  the  Museum.—^  Redgrave,  RA.;  J.  C.  Robinson,  F.S.A. 
Keepers  of  Museum  Collections. — ^R.  A.  Thompson ;  P.  C.  Owen  ; 
J.  H.  Pollen,  M.A«,  late  Fellow  of  Merton  College,  Oxford. 
Assistant  Keepers  of  Museum  Collections,— O.  Wallis  ;  R  H.  S.  Smith,  M.  A., 
Trinity  College,  Dublin,  F.S.A. ;  W.  Matchwick  ;  H.  Sandham ;  C.  B. 
Worsnop ;  R  Laskey. 
Provisional  Assistant  Keepers, — C.  C.  Black,  M.A«,  Trinity  College,  Cam- 
bridge ;  R.  F.  SketcUey,  B.A,  Exeter  College,  Oxford. 
Gerks  ^  Collections, — D.  Craven  ;  H.  Acton,  A.  2nd  grade  ;  H.  Yemon  ; 
A.  Masson ;  F.  Coles,  S.  iv.  1  &  2. 

Official  Photographer. — C.  Thurston  Thompson. 
Bon.  Surgeon, — ^F.  Seymour  Haden,  F.R.C.S. 

RoTAL  School  of  Navai.  Architecture. 

Inspector  General. — ^Rev.  Joseph  Woolley,  LL.D. 

Principal,— C.  W.  Merrifield,  F.RS. 

Vice  PrineipaL—U.  J.  Purkiss,  BJ^.,  Trinity  College,  Cambridge. 

*  The  letters  9  and  4  refer  to  the  Science  and  Art  Certificates  taken. 
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Summary  of  the  Natore  and  Amount  of  Assistancb 
afforded  by  the  Science  and  Art  Department  to 
the  Industrial  Classes  in  procuring  Instruction 
in  Science. 


[^Important  Alterations  made  sincg  the  last  addition  of  the  Directory  are 
printed  in  Italics.'] 

I.  A  sum  of  money  is  voted  annually  by  Parliament 
for  scientific  instruction  in  the  United  Kingdom. 

II.  This  sum  is  administered  by  the  Science  and 
Art  Department. 

III.  The  head  of  the  Education  Department  of 
which  the  Science  and  Art  Department  is  a  branch 
is  the  Lord  President  of  the  Council,  assisted  by  a 
member  of  the  Privy  Council,  who  is  called  the  Vice- 
President  of  the  Committee  on  Education,  and  who 
acts  under  the  direction  of  the  Lord  President,  and 
for  him  in  his  absence.  (Order  in  Council,  25th 
February  1856,  Act  19  &  20  Vict.  c.  116.J 

IV.  The  object  of  the  grant  is  to  promote  instruc- 
tion in  Science  especialTy  among  the  industrial 
classes,*  by  affording  a  limited  and  partial  aid  or 
stimulus  towards  the  founding  and  maintenance  of 
Science  schools  and  classes,f 

V.  The  payment  offees  by  the  students  ^^J™,,^"'^^ 
can  be  looked  upon  as  the  only  solid  and   students. 
suflBcient  basis  on  which  a  self-supporting 

system  can  be  established  and  supported.  Though 
my  Lords  do  not  consider  it  necessarj^  at  present  to 
lay  down  any  rules  making  the  payment  of  fees  an 
absolute  condition  of  the  grants  on  account  of  Science 

^  ♦  Direct  payments  are  made  to  teachers  only  on  behalf  of 
adult  artisans,  or  the  children  o(  artisans,  or  the  children  of 
persons  who  are  not  assessed  to  the  income  tax,  or  who  do  not 
possess  an  income  of  100/.  a  year.     (See  §  xiii.) 

t  The  amount  is  liable  to  be  decreased  and  eventually  with- 
drawn. Payments  to  teachers  therefore  must  not  be  looked  upon 
as  perpetual,  or  in  any  way  conferring  on  the  teacher  a  claim  to 
any  payments  beyond  those  offered  for  eaeh  current  year. 
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iDstructlon,  yet  as  the  payments  from  the  State  must 
be  expected  to  diminish,  and  as  aid  on  account  of 
those  persons  who  do  nothing  for  themselves  cannot 
be  justified,  Committees  of  schools  and  classes,  and 
Teachers,  are  strongly  urged  (should  it  a^t.: present 
not  be  the  practice)  at  once  to  impose  as  high  a  scale 
of  fees  as  they  consider  can  be  raised  not  only  on 
middle  class  students  but  also  on  artisans. 

VL  ITie  following  are  the  Sciences  towards  in- 
struction in  which  aid  is  given; — 

Group  i. 

Subject  1 ,  Practical      Plane      and      Descriptive 

Geometry. 
„        2,  Mechanical  and  Machine  Drawing. 
„        3,  Building      Construction     or      Navrf 

Architecture. 

Group  n. 
„         1,  Theoretical  Mechanics. 
„        2,  Applied  Mechanics.  .  i    . 

Group  in. 
„         1,  Acoustics,  Light,  and  Heat. 
„        2,  Magnetism  and  El6ctriqity.    : 

Group  iy.  »   .    . 

„         1,  Inorganic  Chemistry. 
„        2,  Organic  Chemistry. 

Group  v.  i  .  » 

„         1,  Geology 
„        2,  Mineralogy r 

Group  vi. 
„         1,  Animal  Physiology. 
„        2,  Zoology. 

Group  vii. 

„         1,  Vegetable  Physiology   and  Econotme 

Botany.  . 

„        2,  Systematic  Botany. 

Group  vni.    . 
9,         1,  Mining*  .         :  •. 

„         2,  Metallurgy.  ^        j 
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VIL  The  assistance  granted  by  the  Science  and 
Art  Departmient  is  in  the  form  of— 

1.  Payments  on  results  to  certificated  teachers. 

(See  §  XV.,  xviii.,  xix.,  xx.,  and  xxi.) 

2.  Grants  towards  the  purchase  of  apparatus,  &c. 

(See  §  xxiii.) 

3.  Public  examinations  in  which  Queen's  Medals, 

Honorary  Certificates,  and  Prizes  are  awarded, 
held  at  all  places  complying  with  certain  con- 
ditions. (iSee  §  xi.,  xii.,  xiii.,  xiv.,  xv.,  xvi., 
and  xvii.)  On  the  results  of  these  ex- 
aminations the  payments   are  made  to  the 


r 


teachers.  (See  §  xv.,  xviii.,  xix.,  and  xx.) 
VIII.  Examinations  for  certificates  to  E»«|i«»tionB 
teach  any  of  the  before-mentioned  sciences  CCTtifi^te^^ " 
are  held  annually,  commencing  in  the  first  week 
in  November,  at  oouth  Kensington.  Examinations 
will  also  be  held  in  Dublin  and  Edinburgh  if  five 
candidates  register  themselves  for  examination  in 
Ireland  and  in  Scotland.  Any  person  whatever  may 
attend  this  examination  by  sending  in  his  name  to 
the  Secretary  of  the  Science  and  Art  Department, 
before  the  15th  October,  stating  the  subject  or  sub- 
jects in  which  he  wishes  to  be  examined.  Certi- 
ficates of  three  grades  are  given  in  each  group  and 
each  subject.  Tliese  certificates  are  only  considered 
as  simple  records  of  the  results  of  examination  in 
the  various  sciences  before  mentioned,  entitling  the 
teacher  to  earn  payments  by  successful  teaching  in 
the  subjects  for  which  he  is  certificated. 

IX.  Suitable  premises,  with  firing,  light-  ^g^^^"' 
ing,  &Cw,  muat  be  found  and  maintained 

at  the  cost  of  the  locality  where  the  school  or  class 
is  heldt  If  at, any  time  the  funds  do  not  cover 
these  requisite  local  expenses,  it  must  be  inferred 
that  there  is  no  such  demand  as  the  Government  is 
justified  in,  aiding,  for  instruction  in  the  locality  ;  and 
the  assistance  of  the  Department  will  be  withdrawn. 

X,  A  Local  Committee  of  not  less  ^^^^- 
than  five  well  known  responsible  persons 
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must  be  formed  in  coDnexion  with  every  Science 
Class,  who  will  carry  out  the  instructions  contained 
in  Appendix.    See  pages  15  to  18. 

ExamiMtion       XI.  The   Scicncc   and    Art    Depart- 
underCer-  '  mcnt  holds,  through  the  agency  of  each 
tificated         Local  Committee,  in  May  of  each  year, 
"'       a    public    examination    of   all    Science 
schools  and  cliasses  in   any  locality  throughout  the 
United  Kingdom   which  complies  with  the  requisite 
conditions.    (See  §  x  ,  xiii.,  and  xiv.)    On  the  results 
of  this  examination  the  paj^ments  are  made  to  certi- 
ficated teachers.     (See  §  xv.,  xviii.,  xix.,  and  xx.) 
Application  for  it  must  be  made  (on  Science  Form 
No.  119.     See  page  19,  which  will  be  sent  on  appli- 
cation)  to  the  Secretary  of  the  Science    and    Art 
Department  before  the  end  of  March  in  each  year, 
stating  the  number  of  persons  and  the  subject  or 
subjects  in  which  they  are  to  be  examined. 

AH  registered  Students  of  Science  Classes  under 
certificated  teachers  (except  Science  certificated  teach- 
ers) are  eligible  to  receive  Queen's  prizes  and  Queen's 
medals  under  the  conditions  hereafter  mentioned. 
(See  §  XV.,  xvi.,  and  xvii.) 

Examination  XII.  A  school  or  class  taught  by 
Utlam.  a  teacher  not  holding  a  certificate,  may, 
by  applying  to  the  Secretary  of  the 
Science  and  Art  Department,  be  examined  at  the 
same  time  and  in  the  same  manner  as  the  classes 
under  certificated  teachers ;  provided  that  a  Local 
Committee  be  formed  which  complies  with  the 
requisite  conditions.  (See  Appendix,  pages  15  to 
18,  Science  Form,  No.  88- a.) 

If  the  class  be  for  artisans  the  pupils  are  eligible 
to  receive  Queen  s  Prizes  and  Queen's  Medals  under 
the  same  condition  as  the  pupils  of  certificated  teach- 
ers. Should  it  however  be  for  the  middle  classes  the 
pupils  are  not  eligible  for  prizes  and  medals,  but  re- 
ceive certificates  of  merit  instead* 
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XlII.  If  two  or  more  classes  in  the  same  ^^^^.  ®' 
town,  or  within  a  reasonable  distance  of 
one  another,  apply  for  the  examination  of  the 
Science  and  Art  Department,  a  general  examination 
committee  must  be  formed  by  the  amalgamation  of 
the  several  Committees  to  carry  out  the  examina- 
tions at  some  common  centre,  such  as  the  town  hall 
or  other  public  building.  It  is  only  when  the  classes 
consist  of  100  or  more  candidates  that  such  amalga- 
mation of  the  committees  will  not  be  insisted  on  at 
present. 

XIV.  Any  persons  whatever,  whether  E"mination 
taught  by  the  certificated  teacher  or  not,   stwients. 
may    present   themselves  at    the   Local 
Committee's  examination  on  registering  their  names 
in  time  for  the  Local  Committee  to  comply  with  the 
instructions,  and  paying  a  registration  fee  of  not  more 
than  2^.  6d.  each.     Arrangements  must  therefore  be 
made  by  the  Local  Committee,  or  the  general  exami- 
nation committee,  as  the  case  may  be,  to  enable  other 
candidates,  besides  the  students  in  the  class  for  which 
the  Committee  act,  to  present  themselves  at  this  ex- 
amination.   The  registration  fee  of  2^.  6rf.,  which  such 
candidates  may  be  required  to  pay,  is  to  reimburse 
the   Committee  for  any  extra  expenses  incurred  by 
such  attendance,  and  may  at  their  option  be  remitted. 

These  candidates,  if  artisans,  are  eligible  to  receive 
Queen's  prizes  and  certificates  of  merit  (see  §  xvi. 
and  xviii.) ;  if  registered  students  in  artisan  classes, 
they  are  eligible  to  receive  Queen's  medals,  Queen's 
prizes,  and  certificates  of  merit  under  the  conditions 
mentioned  in  §  xvi.  and  xvii. ;  and  if  middle  class 
students  to  receive  certificates  of  merit. 

XV.  The  results  of  the  May  cxami-  ciMsification 
nation  are  classified  under  the  following 

heads: — (1)  first  class,  (2)  second  class,  (3)  third 
class,  (4)  honourable  mention,  (6)  pass,  and  (6) 
failed.  The  names  of  the  successful  candidates, 
those  under  the  first  five  heads,  are  published.     The 
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standard  of  attainment  required  may  b^  raised,  from 
year  to  yeay*  For  the  Pass  it  is  only  such  >  as  will 
justify  the  Examiner  in  reputing  that  thp  instruction 
has  been  sound,  and  that  the  students  haye  beoeiited 
by  it.  Those  who  have  attained  a  higher  degree  of 
proficiency  are  classed  as  honourable  mention^  or  as 
3rd,  2nd,  or  1st  class,  according  to  their  merits 

&!'  XVI.  To  the  1st,  2nd,  and  3rd  class 

are  given  Queen'a  prizes  consisting  of 
books  or  instruments  chosen  by  the  candidates  from 
lists  furnished  for  that  purpose.  These  are  unlimited 
in  number,  except  that  a  student  who  has  once  re- 
ceived a  1st,  2nd,  or  3rd  class  Queen's  prize  cannot 
receive  the  same  or  a  lower  class  prize  in  the  same 
subject  again.  If  such  student  should  be  again  suc- 
cessful, his  name  will  simply  be  recorded  in  the 
published  list.  (See  the  conditions  to  §  xi ,  xii.,  and 
xiv.) 

Queen's  XVIL  The  Quccu's  medals  are-^one 

Medals,  u    •  i  •!  j  ^ 

gold  m  each  group,  one  silver,  and  two 
bronze  in  each  subject  for  competition  throughout  the 
United  Kingdom. 

Only  registered  students  of  schools  and  classes 
under  Local  Committees  (see  §  xi.  and  xii.)  can 
obtain  medals.  They  cannot  be  taken  by  middle 
class  students  who  are  more  than  17  years  of  age. 
Students  who  but  for  this  restriction  would  have 
taken  the  medal,  will  receive  an  honorary  certificate 
instead.  Should  a  student  take  more  than  one  gold, 
silver,  or  bronze  medal,  he  will  receive  books  instead 
of  a  second  medal. 

TeJXrl**'*  XVIII.  Payments  are  made  to  the 
eac  ers.  certificated  teacher  in  those  subjects  in 
which  he  is  certificated  on  the  following  scale : — 1/< 
for  every  student  of  the  industrial  classes  ^vho  passesi 
in  each  subject;  2/.  for  every  one  who  obtains  aft 
honourable  mention;  3/.,  4/.,  or  51.  for  every  one 
who  obtains  a  3rd^  2wrf,  or  1st  class  Q^ee1£s  ;pr%7;^  ;, 
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profHdei  thai'  sluch  student  has  ^.received  2ft*  iessans 
at' least Jrom the  certificated  teacher  in  each  subject 
since  the  last  esaminc^ianj  each  lesson  Imng  an 
attendance  at  a  meeting  of  the  school  of  at  least  three 
quarters  of  an  hour  duration  on  a  separate  evening. 

The '30  lessons  need  not  necessarily  be  all  given  iu 
one  year,  but  may  extend  dver  a  longer  period.  5/. 
is  the  tnniiifiuni  that  can  ever  be  claimed  on  account 
of 'the  instruction  of  any  one  pupil  in  a  subject,  and 
thisvomly,  Slilgect  to  the  reductions  entailed  by  §  xix. 
and  XX.  That  is  to  say,  for  a  pupil  taking  a  1st  class 
for  whom  at  a  previous  examination  the  teacher  re- 
ceived 3/.  for  a  3rd  class,  he  can  only  claim  2/.  If 
the  BBxne  pupil  had  previously  taken  a  2nd  class  the 
teacher  could  only  claim  iLon  his  account,  and  so  on. 

^IX.  Jf  a,  student  be  successi^ul  at  the  examina- 
tion in  more  than  one  subject,  the  teacher  can  only 
claim  half  of  the  above  payments  in  respect  of  such 
further  subject  in  which  he  is  successful. 

XX.  Payments  are  only  made  on  the  foregoing 
scale  when  thev  amojmt  to  not  more  than  60/.  When 
on  this  scale  tney  would  amount  to  more  than  60/. 
the  excess  up  to  40/.  is  diminished  hy  one  quarter, 
the  excess  above  40/.  by  one  half.  Thus  payments 
whi^  oflihc  above  saeile  would  be  100/.  and  150/. 
will  be  reduced  to  90/.  and  115/.  respectively .f 

XXI.  The  claim  of !  a  master  for  the  J^^J"^^^"^ 
payments  under  thfese  several  heads   is    ^^  ay™«°- 
made  on  Science  Form  No.  51,  which  will  be  sent 


♦  It  must  be  clearly  understood  that  the  number  (25)  of  lessons 
which  the  teacher  is  required  to  give  is  the  minimum  fixed  as  a 
criterion  that  the  pupil  has  received  his  instruction  from  the 
teacher,  and  is  not  meant  in  mj  way  to  specify  that  that  amount 
of  instruction  is  sufficient,  or  to  guarantee  the  teacher's  receiving 
paym^t,  if  that  amount  of  instruction  alone  is  given. 

t  Thus,  100,  that  is  60+40,  is  reduced  to  60+40— J  of  40 
=  60+B0£?;90.  150,  that  is,  60  +  40  +  50  is  reduced  to 
60+30+25=115, 
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on  appKcatibn. *  The^oticlier  niust  be. signed  by 
the  secretary  and  two  members  of  the  committee 
of  the  science  class  or  school;  or  by  at  least  three 
of  the  committee.     (See  Appendix,  page  21.) 

^^?oi  XXII.  A  school  register  must  be  kept 

^^^^^'  on  a  form  which  will  be  supplied  on 
application.  This  must  be  made  up  from  day  to  day, 
and  wUl  be  examined  and  approved  by  the  Inspector 
on  his  visit.  It  must  be  sent  to  the  Department  with 
the  teacher's  claim  for  payment,  and  no  payment  can 
be  made  unless  it  is  properly  kept. 

Grants  for  X  XIII.  A  grant  towards  the  purchase  of 

^^"*  *  apparatus,  diagrams,  &c.,  of  50  per  cent, 
on  the  cost  of  them,  is  made  to  science  schools  and 
classes  in  Mechanics'  and  similar  institutions  where 
the  teacher  is  certificated,  and  to  the  extent  of 
5/.  to  other  poor  schools  and  classes.  A  requisi- 
tion must  in  these  cases  be  made  on  Science  Form, 
No.  49.    (See  page  25.) 

E^^n^s^of  XXIV.  The  travelling  expenses  (se- 
Teachere.^  coud-class  railway  fare,  and  10*.  per 
diem  personal  allowance)  of  a  candidate 
in  attending  the  November  examination  are  paid  if 
he  be  successful  in  taking  a  certificate  or  in  improving 
the  grade  of  one  he  has  already  taken,  provided  the 
candidate  is  bona  fide  engaged  in  tuition,  or  is  pre- 
paring for  tuition. 

J^Mementi"  XXV.  All  payments    to    certificated 

ShooT*"  ^  teachers  on  account  of  Science  teaching 
are  made  by  the  Science  and  Art  De- 
partment, and  are  only  made  in  respect  of  a 
school  in  connexion  with  the  Science  and  Art  De- 
partment. They  do  not  apply  to  any  instruction 
in  Science  that  may  be  given  during  the  three 
attendances  of  an  Elementary  School  receiving  aid 
from  the  Education  Department,  Whitehall. 
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XXVI.  These  grants  are  only  made  ^  ®' 
while  the  teacher  is  giving    instruction  scSS***^ 
in  a  day    or   evening    school   or    class  i*wmi«e«- 
for   the    industrial    classes    (adults    or 

boys),  approved  by  the  Science  and  Art  Depart- 
ment, and  open  at  any  time  to  the  visit  and  in- 
spection of  its  officers.  The  Managers  of  an 
Elementary  School  under  the  inspection  of  the 
Education  Department  can  permit  such  part  or 
parts  of  their  premises  to  be  used  for  Science 
teaching  as  shall  not  interfere  in  any  way  with  the 
three  attendances  of  the  Elementary  School. 

XXVII.  The   certificated   teacher  of  ^|f'''*?L 
an  elementary  school  receiving  aid  from      ^  "^^ 
the  Educational   Department,  Whitehall,  who    has 
pupil-teachers  to  teach  cannot  receive  payments  on 
account  of    Science   teaching,  even    if   holding    a 
Science  certificate. 

XXVIII.  But  certificated  teachers  ^^^'^^J^^^ 
of  elementary  schools  receiving  aid  from  ^-  '^^  ^^^ 
the  Educational  Department  who  have  not  pupil- 
teachers  to  teach  have  their  time  out  of  school- 
hours  at  their  own  disposal,  so  far  as  official  regu- 
lations are  concerned,  and  may  if  further  certificated 
in  Science  give  scientific  instruction  under  the  Science 
and  Art  Department. 
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'APPENDIX/       '     ^' 
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S,  SCHOLARSHIPS,  AND  PRIZES,  AT , 
ROTAli  SCHOOL  OF  MINES.       "  .." 


EXHIBITIONS, 
THE 

At  the  May  1865  examinatioii  three  of  the  ifpUoviingilpjriBl  Es^liibitions 
and  Freb  Admissions  to  the  Kojral  School  of  Mine^  will  be  op^  fbreom- 
patttion  indq>endent  of  the  prizes,  ^.  offered  Jirf  the  SctenoQ  luidiArt 
Department. 

Royal  Exhibitions.  .^ 

1.  Eight  Royal  Exhibitions  of  the  value  iOf  50L  each  per  annuiA  ^titling 
the  holders  to  free  admissions  to  all  the  lectures,  and  the  Chemical  and 
MetaUurgical  Laboratcmeft  at  the  Royal  SchobI  of  Mines,  to  be  hddf^m 
year  to  year  for  three  years,  on  the  condition  that  the  holder  attends  the 
lectures  and  passes  the  examinations  required  for  the  assooiateship  of  the 
School.       '  .    .'  .    ; 

The  competition  for. the  Royal  Exhibitions  will  be  determined  by 
affixing  {he  following  values  to -^  the  several  results- of  ^  the  MajKexaitiMa- 
tion,  VIZ.  y —  /  '  .''-.; 

.      .     Tp  a  Ist  gnrade  Queen's  Friase,  in  JUNT  subject  -  .    -   Smark*. 

To  a  2nd   „                  „                      ,.        '  -  "    '•    7     „    .^■"-•^. 

To  a  3rd    „                  „                       „  ,.-         i  A     »       x  .     ,,,v" 

To  an  honourable  mention                  „  -         -   8     „ 

To  a  pass       --          •          •          „  -         -1„ 

and  in  addition, —  *  '        ,    . ' 

Por a gpld medal  -  -.      .   „         -  ,       •  M,    »  ^      ,-/. 

For  a  silver  medal         -  -  '  '  ■     „  .    ■      ,^..'^.    ..... 

^or  a  bronze  medal        -  -  »,-.,-.  J5     ,,,.     ' 

N.Bi— S^ence  Certificated  Teaichers  may  compete  for  the  fioyal  Uzhiliitions. 

'  .  Free  ADMissiONS.   '  /      '      »  -. 

.      •  • .        •  •-      •■■  •  •         •       •,''-'■■'■-  /;      "^  '  "J"} 

.    2.  Free  admissions  to  the  lectures  at  the, School  of  Mines./  ^^^    . 

A  f^  adnlission  is  granted  to  any  person  Who  takes  a  gold  niedi^  ih  the 'Hay 
ex^wpipation.     : .     .  '     ^,  -        ;.      .     ;;    ,.       .  r  i  i  .. ..:   ,,;;^:  .,. 


There  are,  in  addition,  the  following  Scholarships  attached  to  the 
School — 

His  Royal  Highness  the  Duke  of  Cornwall's 
Scholarships. 

His  Royal  Highness  the  Prince  of  Wales,  as  Duke  of  Cornwall,  has 
granted  two  scholarships  of  30/.  each.  One  becomes  vacant  eveiy  year, 
and  will  be  competed  for  by  those  students  only  who  have  passed  the 
examinations  of  the  first  two  years  of  the  curriculum  required  for  as- 
sociates.   It  is  held  for  two  years  by  the  successful  competitor. 


Royal  Scholarships. 

Two  scholarships  of  152.  each  are  given  to  the  students  who  shall 
stand  highest  on  the  list  of  those  who  have  passed  their  examinations 
for  the  furst  year — and  a  scholarship  of  251.  to  that  pupil,  not  being  the 
Duke  oi  Cornwall's  scholar,  who  passes  the  best  examinations  after  the 
end  of  the  second  vear.  These  scholarslups  will  be  granted  to  those 
students  only  who  have  obtained  first-class  places  in  the  examinations 
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ci  tbeir  year,  <yr'  in  those  of  at  toast  two  of  the  Professors  in  the  case  of 
8«di  Indents  as  take  the  two  first  jears  in  one. 


■   Por  turt&er  particulars  see  prospectus  of  the ''  Royal  School  of  Mines," 
to  he  had  on.  application  at  the  Museum  in  JenuTn  Street. 


SCIEirCIi  FORM,  No.  88. 


LOCAL  COMMITTEES  FOR  SCIENCE  SCHOOLS 
AND  CLASSES. 

1.  A  Local  Pommittee  of  not  less  than  five  well-known  responsihle 
persons  niu3t  be  formed  in  connexion  with  every  Science  class,  m  order 
to  comply  with  the  necessary  requirements  of  the  Science  and  Art  De* 
partment,  and  to  carry  out  various  arrangements  on  its  behalf  necessary 
fpr  testing  the  e£Sciency  of  the  science  instruction,  on  the  proof  of  which 
alone  the  aid  of  the  Department  is  given. 

'2.  'Bie'ceodemen  proposed  to  act  on  this  Committee  are  to  fiU  in  the 
form  on&e  next  page,  stating  their  willingness  to  canv  out  the 
necessary  arrangements  for  examinations,  &c.,  and  giving  the  address 
and  occupation  of  each  liiember. 

3.  The  relation  of  the  Committee  to  the  teacher  of  a  Science  school  or 
dasB:  wiUivaiy  txmdi  aceording  to  the  Yarying  circumstances  of  different 
localities.  In  some  places  where  the  demand  for  science  instruction  is 
great,  and  there  is  an  energetic  local  teacher  to  take  advantage  of  it,  the 
chief  duty  of  the  Local  Committee  may  be  to  give  the  teacher  the 
necessary  vouchers  for  obtaining  his  payments.  While  in  other  places, 
where  tlTose  who  take  an  interest  in  and  wish  to  farther  science  instruc- 
tion may;  with  that  ol]rject,  subscribe  to  and  establish  scientific  classes 
either  in  connexion  with  an  existing  institution  or  not,  and  may  engage 
a  teacher  certificated  in  science  to  instruct  the  classes,  the  teacher  must, 
to  a  great  extent,  be  the  paid  officer  of  the  Committee.  With  these  local 
arrangements  the  Science  and  Art  Department  does  not  interfere,  but 
leaves  them,  to  the  locality  to  settle.  The  local  circumstances  will  de- 
termine whether,  as  in  the  first  case,  the  toaster  receiving  the  whole  of 
the  fees  for  instruction  should  provide  at  his  risk  the  room  for  instruc- 
tion, with  thje' necessary  firing,  lighting,  &c.,  or  what,  as  in  the  second 
case,  should  be  the  proportion  of  the  fees  deducted  on  this  account  by  the 
Committee. 

4.  Thte  Science  and  Art  Department  requires  that  the  Local  Committee 
shall— 

.',:«.  Be  responsible  for  the  safe  custody  of  all  apparatus  towards  the 
purchase  of  which  the  Department  has  paid  dOper  cent. 
b.  That  they  shall  provide  a  room  or  rooms  of  sufficient  size  to  cany 
.    out  the  annual  examination  according  to  the  detailed  regulations 
tmderthaii.^t^^ad^    This  exammation  is  of  dU  persons  who  wish  to 
present  themselves,  and  not  only  of  those  taught  by  the  certifi- 
cate teacher ;  but  those  persons  who  are  not  taught  by  the  certi- 
/  Seated  teacher  must  send  in  their  names  before  the  1  st  March,  and 
may  be^required  to  pay  a  registration  fee  of  2«.  6d,  for  the  whole 
' '^''^^'mThinalioii.  ' 
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f .  That  a  school  register^  showing  the  attendance^  number  of 
lessons,  payment  of  fees,  &c.,  on  an  approved  form,  be  kept 
properly  filled  up,  and  sent  to  the  Science  and  Art  Department 
when  required. 

d.  That  they  shall  send  in  to  the  Secretary  of  the  Sdence  and  Art 
Department  the  list  of  students  to  be  examined,  before  the  end  of 
March,  specifying  the  subjects  in  which  they  are  to  be  examined. 
That  they  shall  be  responsible  for  conducting  and  superintending 
the  examination :  giving  out  the  examination  papers  which  will  be 
sent  for  that  purpose :  seeing  them  worked  fairly  and  certifying 
to  the  same,  not  less  than  tmree  of  the  Committee  being  always 
present :  and  sending  the  worked  papers,  under  seal,  by  the  day's 
post  to  the  Secretary  of  the  Science  and  Art  Department. 

«.  That  they  shall  certify,  firstly,  that  those  students  on  whose  ex- 
amination the  teacher  bases  his  claim  to  payments  on  results,  are 
artizans  or  operatives,  or  their  children,  or  can  chum  as  such  (see 
Science  Form,  No.  51);  and,  secondly,  that  they  have  received  40 
lessons  at  least  from  the  teacher  in  the  year  or  since  the  last  exami- 
nation, on  their  passing  at  which  payment  was  claimed  on  their 
account. 

5.  The  Science  school  or  class  must  be  at  all  times  open  to  the  visit 
and  inspection  of  the  officers  of  the  Science  and  Art  Department  as  a 
condition  to  the  grant  of  aid  from  it ;  if  at  anv  time  it  is  found  that  the 
apparatus,  &c.,  towards  the  purchase  of  whicn  a  grant  has  been  made  is 
not  properly  taken  care  of,  or  that  a  proper  room  with  firing,  lighting,  &;c., 
is  not  provided  for  the  class,  the  aid  of  the  Department  will  be  with* 
drawn. 

Note.— As  it  is  to  the  Committee  that  the  Department  looks  to  cany  out  the 
great  proportion  of  the  duties  of  the  school,  as  many  as  possible  of  uie  mem« 
bers  of  the  Committee  should  attend  on  the  inspector's  visit. 


FoBM  of  Application  to  act  as  a  Committee  for  a  Science  School  or  Class. 
We  the  undersigned, 

[1.  The  Committee  shall  be  composed  entirely  of  well-known  responsible  persons 
of  position  who  are  quite  independent  of  the  school  or  class,  and  who  nave  no 
such  personal  interest  in  it  as  can  lay  them  open  to  the  slightest  suspicion  of 
partiality ;  and  of  course  no  member  should  be  connected  with  the  Teacher, 
nave  any  pupils  for  examination,  or  be  a  pupil  himself. 

2.  It  is  very  desirable  that  as  many  persons  as  possible  in  recognised  positions  of 
public  responsibility  in  the  district,  such  as  Ma^trates,  Municipal  Autho- 
rities  (Mayor.  Aldermen,  or  Town  Councillors),  Head  of  Educational  Esta1> 
lishments  (Irustees  of  Grammar  Schools,  Managers  of  National  Schools;, 
Clergymen,  &c.,  should  be  on  the  Committee. 

.3.  It  is  absolutely  necessary  that  at  least  two  such  responsible  persons  should 
agree  to  act. 

4.  The  Committee  must  consist  of  a  Chairman,  Secretary,  and  at  least  three  other 
Members. 

6.  The  Chairman  must  be  a  Magistrate,  Mayor,  Boroughreeve,  Provost,  or  Alder- 
man, or  other  public  officer  of  recognized  posinon.  Trustee  of  Grammar 
School,  or  Cleniyman  of  the  Established  Church  in  parochial  employment. 

6.  The  Chairman  ofthe  Committee  will  inform  My  Lords  as  to  the  constitution  of 

the  Committee  being  in  accordance  with  these  requirements. 

7.  The  Secretary  of  the  Committee  of  the  Science  School  or  Class,  as  being  the 

medium  of  communication,  will  carry  on  all  correspondence  with  the  Soienoe 
and  Art  Department,  and  is  held  responsible  for  making  out  and  sending  aU 
returns  re(](uired,  for  the  receipt  and  distribution  of  the  examination  papers, 
the  transmission  of  the  worked  papers,  &o.,  at  the  proper  times  accoraing  to 
the  regulations ;  and  in  consequence  ot  the  necessary  demands  on  histSme 
and  trouble  My  Lords  have  sanctioned,  provisionally,  the  payment  to  him 
of  the  following  fees :— 32.  for  the  duties  connected  with  any  Science  school 
or  class  consisting  of  5  or  more  pupils  which  is  examined  ana  \l,  in  addition 
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for  each  Airther  day's  ezamlnAtion  held.   The  Secretary  must  be  a  member  of 
the  Committee;  the  reqtdrements  in  par.  1  apply  equally  to  him. 

8.  TUs  form  is  to  be  filled  in  and  retm^ied  to  the  Department  annually  before  the 
15th  December,  except  in  the  case  of  new  schools  or  classes,  when  it  should 
be  made  as  soon  as  th^  are  formed.] 

propose   to    act  as  the   Local  Committee  for  the  Science  Class  held  at 


and  taoght  by_ 


We  undertake  for  the  year  at  least,  and  further  till  another  Committee 

satisfactory  to  the  Science  and  Art  Department  has  been  appointed. 

1.  To  be  responsible  for  the  safe  custody  of  all  the  Apparatus,  Dia- 
grams, &c.,  towards  the  purchase  of  which  the  Department  has  in  any 
way  contributed. 

2.  That  three  or  more  of  our  number  will  be  ready  at  the  appomted  time 
to  be  present  at,  and  superintend,  the  examinations  of  the  Science 
Class  according  to  the  instructions  of  the  Science  and  Art  Depart- 
ment, and  giye  the  teacher  the  necessary  vouchers. 

3.  That  a  room  or  rooms  shall  be  prorided  for  the  due  carrying  out  of 
such  examination,  according  to  the  rules  of  the  Department,  providing 
sufficient  space  for  the  examination,  not  only  of  all  persons  taught  by 
the  certificated  teacher,  but  of  all  others  who  may  wish  to  attend  the 
examination. 

(A  fee  of  not  more  than  28.  Qd.  may  be  charged  on  each  applicant  for 
examination  who  is  not  a  student  in  the  class,  to  remiburse  the  Committee  in 
any  extra  expenses  they  may  be  put  to  in  providing  a  room). 

4.  That  the  School  or  Class  shall  be  open  at  any  time  to  the  visit  and 
inspection  of  the  Officers  of  the  Science  and  Art  Department. 


SieVATITSB. 

Address. 

OccupATioir. 

Chaimum. 

Secretary. 

I  certify  that  this  Committee  complies  with  the  requirements  of  the  ndai^ 
1,  2,  3,  4,  and  5. 


Chairman. 
The  Secretary, 

Science  and  Art  Department. 

This  form  may  he  had  on  application  to  the  Secretary ^  Science  and  Art 
J)epartment,  South  Kensington. 
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SQIDNCB  I'6RM,No,88a.\     ''    ' 
^  Sbttth  fonsSigtori,' 


1863. 


LOCAL  GOMMiTTEES  FOR  SCIENCE  SCHOOLS  AND  CLASSES 
NOT  RECEIVING  AID  FROM  BUT  EXAMINED  BY  THE 
SCIENCE  AND  ART  DEPARTMENT. 

This  Form  is  a  modification  of  the  previous,  No.  88.,  and  may  be  had  on 
applkatfon  to  the  Steretary,  Science  and  Art  Department,  Sooth  Kensington, 


SCIENCE  FORM,  No.  120. 

,.-  ■ .  South  Kensington,  December  1863. 

SCIENCE  CLASSES  UNDER  CERTIFICATED  TEACHERS. 

Annual  Rbport  qf  Science  School  or  Class, 

To  be  made  on  its  establishment,  and  annually  (before  the  1st  January)  of  its 

continuation. 
Name  of  To vn '_ "'  

Place,  as  Mechanics'  Institution,  &c.,  in  which  the  Classes  are  held 

Name  of  Street,  No.,  &c.^ ''^'     / 


Nftme  of  Teacher  or  Teachers^ 
Their  private  addresses 


Total  No.  of  individual  Students 


(If  a  student  irttends  two  or  more  classes  he  must  only  be  counted  as  one  student.) 


Glasses  in 
(state  subject). 

Fees. 

No.  of 
Students. 

Days  on  which 
they  meet. 

Hours  of 
Meeting. 

Period  of  the  Tear 

duriuK  which 
the  Glasses  continue. 

Names  OV  SBCBBTABT  AND  MBMBESS  OF  THE  GOMHITTEE. 

(The  undertaking  on  Science  Form,  No.  88,  is  for  the  year  at  least,  and  ftirther  till 
another  Gommittee  satisfactoiy  to  the  Science  and  Art  Department  has  been  appointed, 
i  ^ia^orm.  No.  SB,,mua|fc  tfaere^ore  be  ^led  in4md  sent^to  the  Department' vnnually 
when  the  dass  recommences,  except  in  those  cases  in  which  the  whole  of  the  Gommittee. 
wishing  to  continue,  formally  authorize  the  Ghairman  aild  Secretary  to  repoittO^hat 
efTect.  It  will  then  only  be  necessary  for  new  members  to  sign  the  form  undertakhw  to 
perform  the  various  duties.) 
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FORM  No.  363. 

The /(blowing  fornif  which  may  he  had  on  application  to  the  Secretary,  Science 
and  Art  Department,  ia  filled  up  in  italics  as  an  example  of  the  manner  in 
which  it  should  be  done. 

An  Account  of  Travelling  and  Personal  Expenses  bibbussed  avd 
charged  bt 

Thomas  Jones, 

From  the  Snd  January  IS60,  to  the  4th  Janwiry  I860. 


I  hereby^  certify  that  the  travelUiig  expenses  detailed  below  have  been  ac- 
tually disbursed  by  me  in  travelling  in  the  execution  of  my  public  ditties,  that 
the  personal  expenses  are  charged  according  to  the  regulations,  and  that  the 
total  sum  of  £  is  due  to  me  for  the  services  stated. 

Thomas  Jones. 

[Name  and  title  of  officer  to  be  specified.] 

Teacher  of  Chemistry  in  School  of  Manchester. 


Date 

upon  which  the 

services  were 

Performed. 


4660. 
9nd  January. 
3rd  Januatjf- 
4th  January. 


In  this  column  must  be  stated  the  service  on  account  of 

which  the  journeys  were  performed,  and  the 

dets^  of  the  expenses  incurred. 

To  attend  examination  in  Chemistry  heM  at 

South  Kensington  on  srd  January  i^k). 
Eaihoay  fare  from  Manchester  to  London 

{Mnd  Class)         -       -       --       -       -       -440 

Omnibus  fare  to  and  from  Huston  Square  and 

South  Kensinaton 040 

Railway  fare  from  London  to,  Manchester   -   ^   4   0 

Mdayi^  personal  aUowance  at  40S. 


Total 

AjKOXTHt. 


B  g   0 

4     0    9 


8   g   0 


'SofTE.— Should  the  suceestful  candidate  Uee  in  London  or  near  enough  to  get  home 
at  night,  he  is  only  to  be  aUowed  ss.  per  diem  besides  his  travelling  expenses^ 

i 

Examined  and  apinroyed/ 


Secretary. 


Received  this. 


-pounds- 


_day  of» 


-shillings  and. 


ment  of  the  above  amount 

£ 

I    t 


.18        ,  the  sum  oi 
pence,  in  pay- 
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6GIEKCE  FORM  No.  51* 

South  Kensington,  July  1864. 

SCIENCK  AND   ABT   DEPABTMENT   OF  THE  COMMITTEE  OF 
COUNCIL  ON  EDUCATION,  SOUTH  KENSINGTON. 


AppHeaHom  fl%m_ 


.  Science  Teacher  in 


School  or  Institution  at 


_for  payment. 


On  behalf  of  the  Committee  of  Management  of  this  School,  We  do  hereby 
certify : — 

(1).  That  Mr.  ha*  duly  performed  the  various  duties 

derolying  upon  him  as  a  Science  Teacher  in  the  School,  during  the 

ending day  of 1 80    . 

(2).  That  he  has  giyen  the  following  Students  at  least  40  lessons  during 

the  year,  or  since  the  last  examination  at  which  payment  was  claimed 

on  their  account. 

(3).  That  the  under-mentioned  students  are  artizans  or  operatives  ♦  in  the 

receipt  of  weekly  wages,  supporting  themselves  by  their  own  manual  labour ;  or 

their  children  not  earning  their  own  livelihood. 

Secretary. 

.^___________________  1  Two  mem- 

l     bersof 
J  Committee. 


I  hereby  certify  that  the  following  particulars  are  correct 


-Teacher. 


Names  ov  passed  AnnsAir  or  Opeeatif^  Students.* 
K.B.— These  names  should  be  arranged  alphabetically.    If  the  same  student  comes  up 
and  is  claimed  on  in  more  than  one  subject,  the  name,  &c.  should  be  ditto  ditto, 
and  the  last  three  ooliuns  filled  up  with  the  several  successes,  so  that  the  whole 
of  these  and  the  whole  amount  claimed  for  a  candidate  may  appear  in  one  place. 


Surname,  Christian 
name  in  full. 

Age 
lalt 
Birth- 
day. 

Trade,  or 

father's  trade. 

(State  which 

is  given). 

FCsition  at 

the  late 

Examination. 

Highest  Position 

in  same  Subject 

at  any  previous 

Examiuation. 

Amount 
claimed. 

1. 

Group. 

8ub.|  Claw.' 

£ 

«. 

2. 

1 

3. 

1 

1 

4. 

1 

5. 

6. 

8. 

9- 

10. 

&c.        &c. 

*  Should  the  Teacher  have  instructed  any  Students  who  may  fiiirly  be  considered  to 
belong  to  the  industrial  classes,  but  whose  wages  are  paid  at  longer  intervals  than  a 
week,  or  who  do  not  support  tnemselves  by  their  own  manual  labour,  the  claims  on 
their  account  must  be  made  by  the  Committee  of  the  school  on  the  form  on  page  3, 
when  tluqr  will  be  ooosidered  on  their  merits. 
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On  behalf  of  the  Committer  of  the  Sdiool,  We,  the  undenigned,  beg  leave 

to  reoommendthat  t!he  Teacher,  Mr. '. be  allowed  to 

claim  the  allowances  on  the  following  students,  whom  we  consider  may  fkiily 
be  taken  as  belonging  to  the  industrial  classes,  as  c<»ning  within  one  of  tb<( 
following  categories,  or  being  the  children  of  sach« 

a.  Though  paid  at  longer  intervals  than  a  week,  still  supporting  himself  by 

his  own  mannal  labour  and  not  by  profit  on  the  labonr  of  otheni«  that 
is  not  employing  apprentices,  journeymen,  &c. 

b.  Though  not  supporting  himself  by  manual  labour,  yet  being  of  tlie  same 

means  and  social  level  as  those  who  do  so  (such  as  shopkeepers  who 
have  only  petty  stocks  and  employ  no  one  but  members  of  their  own 
family),  policemen,  coast*guards,  &c. 

c.  Though  not  supporting  himself  by  mannal  labour,  yet  such  as.  it  w<Nild 

be  unreasonable  to  expect  to  pay  the  fee  of  middle  class  students,  as 
some  descriptions  of  clerks*  shc^men,  &c.    We  certify  : — 
(1).  That  he  has  given  them  forty  (40)  lessons  at  letst  during  the  year,  or 
since  the  last  examination  at  which  payment  was.  churned  on  their 
account 
(2).  That  they,  or — in  case  they  are  not  earning  their  own  livelihood — thieu* 

fathers  are  not  assessed  to  the  income  tax. 
(8).  That  the  following  particulars  on  which  the  Teacher  grounds  his 
application  are  correct* 

Secretary. 

"I  Two  mem- 

, —  I     bers  of 

J  Committee. 


I  hereby  certify  that  the  following  particulars  are  correct 


-Teacher. 


Naicbs  of  Passbd  Students  claimino  as  Industrial  Classes, 

N.B.— These  names  should  be  arranged  alphabetically.  If  the  same  student  comes  up 
and  is  claimed  on  in  more  than  one  subject,  the  name,  Ac  should  be  ditto  ditto, 
and  the  last  three  colums  filled  up  with  the  several  successes,  so  that  the  whole 
of  these  and  the  whole  amount  claimed  for  a  candidate  may  appear  in  one  place. 


Surname.  Christian 
nameinfttlL 

A«e          Trade,  or 
hist      father's  trade. 
Birth-     (State  which 
day.         is  given). 

Position  at 

the  late 

Examination. 

Highest  Position 

in  some  subject 

at  any  previous 

Exammation. 

Amount 
daimed. 

L 

Oroop. 

Sal). 

cum. 

£ 

8, 

s. 

■ 

8, 

4. 

6. 

—    - 

6. 

,^-* 

7. 

..  _. 

8. 

■ 

9. 

— 

n. 

&c.        &c. 

.1 

The  Secretary, 

Science  and  Art  Department 


(The  following  particulars  will  be  filled  up  at  South  Kensington). 
Examined  and  found  correct  to  the  extent  of •         


Approved^ 


.day  of_ 


Oiji  ''"ffj-i-yw  if  yr^jt., 


186 
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CONDITIONS  UNDiui  which  Apparatus,  lN8TRT7iiBNTt,  Book8« 

&C.    MAY    BE    OBTAINED    BY     SciENCS    SCHOOLS    OR    ClASSIIB 

(taught   BY  A   Teacher  certificated    in  Science),*  in 
Public  Schools,  Mechanics*  Institutions,  &c. 

I.  The  Lords  of  the  Committee  of  Council  on  Education,  having  had 
under  their  consideration  several  applications  from  the  managers  and 
masters  of  Mechanics'  and  other  Institutions,  for  grants  to  be  made  to 
them  of  Apparatus  and  Illustrations,  recommended  by  the  Science  and 
Art  Depaiiment  for  teaching  science,  think  it  necessary  to  adopt  some 
general  principle  which  shall  regulate  the  decisions  of  tne  Committee  in 
reference  to  such  applications. 

Their  Lordships  have  already  fully  recognized  the  great  importance  of 
practical  science  to  all  classes  of  the  community,  in  all  relations  of  life. 
They  are,  therefore,  desirous  that  the  Science  and  Art  Department  should 
assist,  as  far  as  possible,  in  promoting  the  distribution  of  diagrams  and 
apparatus  as  the  means  of  accompUshing  this  object;  but  as  the  in- 
discriminate gift  of  these  aids  for  instruction  to  all  applicants  might  lead 
to  abuse,  it  is  necessary  to  require  some  guarantee  that  they  will  be  duly 
appreciated,  which  the  mere  request  to  have  them  does  not  imply. 

The  prineiple  which  governs  the  whole  proceedings  of  the  Departmei^t 
in  all  its  branches  is  to  afford  partial  aid,  and  to  encourage,  but  not 
supersede  public  exertions  in  promoting  education  in  science.  They  have, 
therefore,  resolved  that  the  Department  shall  have  the  nower  to  assist 
schools  and  classes  taught  by  a  certificated  teacher  in  Mechanics'  and 
other  institutions  in  purchasing  diagrams  and  apparatus  for  teaching 
science  at  a  reduction  of  50  per  cent,  on  the  net  cost. 

Lists  of  the  scientific  diagrams  and  apparatus  prepared  by  iht  Depart- 
ment, according  to  conditions  of  the  following  Minute,  may  be  obtained 
of  the  Secretary  of  the  Science  and  Art  Department,  South  Kensington* 
London,  W.  It  should  be  distinctly  understood  that  the  aid  of  the 
Departmetit  in  purch^ing  these  articles  at  a  reduced  price,  if  abote  lOl. 
in  value,  can  be  granted  only  to  public  schools  and  institutions  when 
taught  by  a  certificated  teacher. 

Minute  of  the  2Srd  March  IS60. 

"The  Lords  of  the  Committee  of  Council  on  Education  denre  to  afford 
the  peatest  facilities  to  teachers  of  science  and  navigation  schools  in 
obtaming  the  best  instruments,  apparatus,  &c.,  for  giving  instruction  in 
science  and  iiavigadoni  towards  the  purchsise  of  miich  the  Scieneeand 
Art  Department  is  authorized  to  pay  50  per  cent,  of  cost ;  and  they  con- 
sider that  the  Aillest  opportunities  snould  be  given  to  manufacturers  in 
idl  parts  of  the  Kingdom  for  supplying  such  apparatus,  &c. .  At  the  same 
time  it  is  necessary  that  tlfe  Science  and  Art  Department  should  have 
some  {guarantee  that-  the  appamtus  and  instrumjents  are  of  gpojd  qualityi 


*  Apparatus  not  exceeding  102.  in  value  may  be  obtained  by  poor  Schools  and  Me- 
chanics'Institutes,  not  taiwhfbv  a~certificated  teacher,  under  the  same  conditional 
thai  is,  the  ]>epartment  wilTald  them  to  the  extent  of  61, 
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and  moderate  in  price.    My  Lords  have  therefore  laid  down  the  following 
rules  and  conditions : — 

"  1.  Samples  of  all  articles  on  the  manufacturer's  list  are  to  he  sent  to 
the  Educational  Collection,  South  Kensington  Museum,  for  exhibition, 
where  they  will  be  arranged  separately,  according  to  the  science  for  which 
they  are  intended,  so  as  to  afford  teachers  and  others  facility  in  inspect- 
ing them  and  making  a  choice. 

''2,  llie  manufacturer  is  to  supply  priced  catalogues  of  such  articles 
printed  in  demy  8vo.,  in  order  that  the  various  catalogues  may  be  bound 
up  together  ana  supplied  when  asked  for. 

"  3.  The  manufacturer  is  to  guarantee  that  the  articles  exhibited  are 
fair  samples  of  those  specified  in  the  priced  catalogue,  and  he  must  engage 
to  take  back  any  article  supplied  to  schools  which  may  be  inferior  to  the 
standard." 

Manufacturers  willing  to  comply  with  these  conditions  are  to  make  a 
statement  to  that  effect,  and  to  send  lists  of  apparatus,  instruments, 
books,  &c.  in  the  following  sciences : — 1.  Practical  plane  and  descriptive 
geometry,  mechanical  and  machine  drawing,  and  building  construction ; 
2.  Physics  (mechanical  and  experimental);  3.  Chemistry;  4.  Geology 
and  mineralogy ;  5.  Natural  history  (zoology  and  botany,  vegetable  and 
animal  physiology) ;  6.  Navigation  and  nautical  astronomy,  and  physical 
geography.  If  these  lists  and  prices  are  such  as  can  be  approved  of,  the 
manufacturer  will  be  informed,  and  as  soon  as  possible  on  his  fulfilling 
the  conditions,  his  list  will  be  inserted  in  the  catalogue.  The  catalogue 
will  undergo  a  revision  at  least  once  a  year,  when  manufiicturers  may 
send  any  improved  forms  of  apparatus,  &c. 

The  selection  of  the  manufacturer  will  lie  wholly  with  the  Committee 
of  the  school.  On  their  demand  being  sanctioned,  the  manufacturer  will 
receive  instructions  to  supply  the  articles  upon  his  receiving  the  50  per 
cent,  due  from  the  school. 

On  obtaining  a  receipt  from  the  Committee  of  the  school  (which  is 
included  in  the  form  of  the  requisition)  that  the  articles  have  been 
received,  the  remaining  50  per  cent,  will  be  paid  quarterly  to  the  manu- 
facturer by  the  Department. 

2.  Payments,  including  charge  for  packing,  must  be  made  in  advance 
to  the  agents  on  receipt  of  the  invoice.  The  goods  to  be  sent  at  the  risJc 
of  the  purchaser. 

All  communications  to  be  addressed  to  the  Secretary  of  the  Science 
and  Art  Department,  South  Kensington,  London,  W. 

By  Order  of  the 
Committee  of  Council  on  Education. 

N.B. — Apparatus  grants  will  in  future  be  rigorously  confined  to  articles 
of  a  permanent  and  non-destructible  nature;  hence  no  aid  will  be 
afforded  in  the  purchase  of  breakable  articles,  such  as  glass  retorts,  test 
tubes,  &c.,  or,  indeed,  generally  in  the  purchase  of  articles  to  be  used  hy 
the  student  as  distinguished  from  those  of  il  permanent  and  illustratiye 
character  which  are  required  by  the  teacher  in  giving  instruction  in 
science. 
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SCIENCE  FOBM,  No.  49. 

FosM  of  Requisition  which  maj  be  had  on  application  to  the  Secretary, 
Science  and  Art  Department. 

The  following  Requisition  for  Aid  in  purchasing  *  apparatus,  Ac.,  qfter  being  fitted 
ftp  at  required,  is  to  be  transmitted  to  '*  The  Secretary  of  the  Science  and  Art 
Department,  South  Kensington,  London.  W." 

N.B.— It  is  to  be  understood  that  the  Department  has  a  lien  on  the  apparatus,  Ac., 
Aimished  to  public  institutions  to  the  amount  of  the  public  aid  given  in  supplying 
them ;  they  cannot  therefore  be  sold. 

1.  Bequisitioit  for  Aid  in  purchasing  apparatus,  &c.  y^  ^  appU* 

Por  the  use  of School  or  Institution  (»)  cation  to  be 

In  the  City  or  Town  of  (») filled  in  by 

In  the  County  of ^ StW*"' 

Male    Female  '  fubttar- 

Hcmare, 


Having 
(•)  Erase  the 
words  that 
do  not  apply. 

and 


(•)  Pupils  (Artizans  or  Operatives)  of  the  Science 
Class. 


(*)  Scholars  or  Members  of  Poor  School  or  Me- 
chanics Institute. 


Total. 


1  request  the  aid  of  the  Department  in  obtaining  from  M   

the  apparatus.  Ac,  named  in  the  opposite  page,  and  I  undertake  that  the  same  shall  be 
kept  and  used  in  the  above-mentioned  (*)  school  or  institution  for  which  they  have 
been  demanded. 

The  address  to  which  the  parcel  is  to  be  sent  is  as  follows  :— 

To  be  forwarded  to 

per at 


Dated  this- 


Signature  of  Bequisitionist. 

-day  of —186    . 


,  Requisition  sent  to  M 
thia 


day  of 


'186 


and  authority  given  for  the  supply  of  Articles  to  the  extent 
of 


of  which  £- 


Net  Sum 


-will  be  paid  by  the  Department,  and  £- 


Agent 


No.8tobe 
flUedinby 
the  Depart- 
ment. 


. ^  ,  ,  together  with 

the  cost  of  packing,  by  the  school  or  institution,  previous  to  the  goods  being 
applied. 

Assistant  Socretaxy. 


3.  Invoice  of  articles  sent  to  Bequisitionist  as  under,  this- 

of 186    . 

Articles  (BetaU  Price)       • 
Deduct  as  above,— 

Aid  by  Department     ... 


Add,  for  packing 
Total  to  be  paid  by  Bequisitionist 


dayNo.Stobe 
filled  in  by 
agent  on 
transmis- 
sion of  the 
invoice. 


4.  Amount  £- 


-received  ftrom  schools  this- 


-186 


— day  of  ^<M.  4  and  8 

^^      tobefilled 
-  Agent,     in  by  agent. 


5.  Examples  forwarded  as  directed  above,  together  with  Requisition,  this 

dayof 186   . 

Agent.     T»,    ..    . 

6.  Examples  as  per  invoice  received,  and  *Bequisition  returned  to  Agent,  this £*?•  ?  r>  P® 

dayof——- 186   .  filled  in  by 

^  Bequisitionist.     Eequiaition- 

*  It  is  requested  this  paper  may  be  returned  to  the  Agent  in  an  entire  etate  after  the 
•lamptoi  have  been  reemved. 
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SCIENCE  FORM,  Nd.9h 


Rules  for  the  Conduct  of  Science'Examinations. 

1.  The  following  rules  must  be  hung  up  in  the  examination  room  for 
the  information  of  the  candidates  one  week  before  the  examination. 
They  should  aU  be  carefully  read  by  the  members  of  the  Committee,  and 
those  marked  with  an  asterisk  must  also  be  read  aloud  before  the  Com- 
mittee and  the  candidates  on  each  night  immediately  before  the  examina- 
tion begins. 

2.  A  room  or  rooms  of  such  a  size  that,  when  seated,  the  candidates 
shall  be  at  least  five  feet  apart,  from  centre  to  centre,  must  be  provided 
for  the  examination. 

*  3.  All  Diagrams,  &c.  must  be  removed  from  the  walls  of  the  examina- 
tion room. 

4.  Ink  and  blotting  paper  must  be  provided. 

5.  If  one  room  is  used  three  of  the  Committee  must  be  present  during 
the  whole  of  the  examination,  if  more  than  one  room  then  two  of  the 
Committee  per  room,*  who  must  carefully  watch  the  whole  examination 
and  see  that  candidates  use  no  unfair  means  either  by  assisting  one 
another  or  using  books  or  notes.  The  members  of  the  Committee  can, 
if  they  wish  it,  relieve  one  another,  so  long  as  the  correct  number  are 
always  present. 

6.  The  examination  papers  will  be  forwarded,  under  cover,  to  the 
Secretary  of  the  Committee  so  as  to  be  received  by  him  on  the  morning 
of  the  day  fixed  for  the  examination. 

*  7.  The  candidates  must  be  seated  at  their  places  at  6.50  ^,rg..  After 
this  time  no  candidate  shall  be  admitted  except  under  very  exceptional 
circumstances,  and  that  only  by  express  permission  of  the  Committee. 
No  candidate  may  on  any  account  be  admitted  after  7.30  p.m. 

*  8.  The  exammation  papers  must  be  opened  in  the  examination  room 
in  the  presence  of  the  Committee,  at  6.65  p.m.  No  examination  paper 
may  be  taken  from  the  room  till  after  8  p.m. 

*  9.  When  the  candidates  are  seated  and  the  papers  given  out,  the 
Committee  will  see  that  the  candidates  commence  by  filling  in  their  names, 
&c.,  where  directed.  All  the  worked  papers  must  be  collected  at  10  p.m., 
initialed,  put  under  cover,  and  sealed  in  the  presence  of  the  members  of 
the  Conunittee ;  and  forwarded  by  the^rs^  post  to  the  Secretary  of  the 
Science  and  Art  Department. 

*  10.  Candidates  must  on  no  account  bring  anything  with  them  into  the 
examination  room,t  except  pens  and  pencils.  No  scribbling  paper,  slates, 
or  anything  of  that  nature  must  be  allowed.;]:  Arrangements  must  be 
made  by  which  all  books,  note-books,  &c.,  can  be  given  up  and  left  at  the 
door. 

*  1 1 .  Candidates  must  not  on  any  pretence  -whatever  speak  to  one 
another  after  the  papers  have  been  given  out.  If  a  candidate  should 
require  to  ask  a  question,  he  will  hold  up  his  hand,  when  a  member  of 
the  Committee  will  attend  to  him,  but  no  question  on  the  meaning  of 
any  portion  of  the  examination  paper  must  be  asked  or  answered. 

12.  It  may  be  of  service  to  the  Committee  that  the  teacher  of  the 
class  should  attend  before  the  examination  to  assist  in  getting  the 
candidates  into  their  places,  &c. ;  but  from  the  peculiar  character  of  the 

*  When  there  are  not  more  than  three  candidates  it  will  not  be  necessary  for  more 
than  two  members  of  the  Committee  to  be  present  at  the  examination. 
t  Except  in  the  drawing  examination,  when  drawing  instruments  are  allowed^' 
t  It  is  absolutely  necessary  that  nothing  that  can  be  passed  fh>m  one  candidate  to 
another  should  be  allowed.  Bough  work  and  calculations  must  be  done  on  the  supplied 
form.  If  neoessary  the  last  pafce  or  pages  may  bty  taken  lor  this  purpose,  hu^  feh^  mv0t 
not  be  torn  off.  .ts 
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CYftTnination  it  is  so  rerv  necessary  that  not  the  slightest  opportunity  for 
misconstruction  should  exist  that  it  is  evident  that  he  should  not  be  in 
the  room  after,  the .  exfjnination  papers  are  opened.  Information  of  his 
haring  Temained  in  the  room  after  this  will  at  once  lead  to  the  examina* 
tion  being  declared  null.* 

*  13.  The  examination  papers  being  given  out  no  candidate  must  be 
alliowed  to  return  aftei*  having  onCe  left  the  room.f  On  a  candidate 
leaving  the  room  his  papers  must  be  taken  up. 

*  14.  At  10  p.m.,  precisely,  all  the  candidates  must  cease  working,  and 
inembers  of  the  Committee  will  collect  their  worked  papers  from  them 
at  their  places.  It  will  therefore  be  advisable  to  warn  them  ten  minutes 
before  the  time.  The  papers  will  be  initialed,  by  the  Committee  as 
directed,  as  they  are  received  from  each  candidate,  as  a  guarantee  that 
each  has  been  worked  by  him  whose  name,  &c.,  it  bears.  Should  a 
candidate  have  completed  his  work  before  10  p.m.  he  may,  by  permission 
of  the  Committee,  go  away  at  once,  after  his  worked  paper  has  been 
taken  by  a  member  of  the  Committee. 

*  15.  Should  a  candidate  break  any  of  the  foregoing  rules,  ask  from  or 
give  information  to  another,  or  use  unfoir  means  of  any  description,  he 
must  be  at  once  expelled  the  examination  room,  and  his  paper  cancelled, 
and  the  Committee  will  state  on  it  the  cause  of  his  expulsion. 

16.  On  these  examinations  depend  large  grants  of  public  money.  On 
their  being  fairly,  honestly,  and  impartially  carried  out  depends  the 
continuance  of  the  system.  The  Committees  are  intrusted  with  this 
duty.  They  will  see,  then,  how  necessary  it  is  to  be  extremely  careful  in 
conducting  them,  and  to  insist  on  the  foregoing  rules  being  complied 
with  to  the  letter.  .  They  are  therefore  required  to  sign  and  forward  this 
form  with  each  set  of  worked  papers. 

We,  the  undersigned,  members  of  the  Committee  of  the  Science 
School  or  Class  held  at . _. 

hereby    certify    that   we   were   present    during    the   examination    in 
, neld  in  the  . 

on  the  evening  of  the  where  the  accompanying 

papers  were  worked  in  our  presence,  and  that  the  foregoing  rules  have 
been  i^trictly  complied  with. 

Dated  this.. day  of  186    , 


Signatures. 

Time  Present. 

. 

..  •    ' 

i-v,  .'-«.<                  .... 

*  Should  the  teacher  of  the  class  wish  to  compete  at  this  examination  for  the  Boyal 
Exhibitions  of  the  Royal  School  of  Mines,  he  must  apply  especially  to  the  Committee 
for  permission,  so  that  they  may  arrange  to  have  a  table  for  him  close  to  their  own 
seats,  and  not  with  the  other  candidates. 

t  It  will,  therefore,  be  desirable  to  mak»8ome  arrangement  for  the  candidates  to 
retire  within  the  room. 
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SYLLABUS  OF  THE  SUBJECTS  IN  WHICH  CERTIFI- 
CATES  AS  TEACHERS  OF  SCIENCE  ARE  GIVEN 
BY  THE  DEPARTMENT  OF  SCIENCE  AND  ART. 


The  following  Syllabus  has  been  iirepared  in  order  to  afford  candidates 
for  certificates  as  teachers  of  Science,  some  guide  to  their  reading;  but 
it  must  be  understood  that  the  questions  in  the  examination  need  not 
necessarily  be  on  the  specific  points  enumerated. 

The  examination  is  by  paper,  but  oral  examination  may  be  resorted  to, 
and  satisfactory  evidence  may  be  required  of  the  teacher's  power  of  giving 
information  to  a  class.  The  groups  are  divided  as  shown^  the  examinsr 
tion  in  each  subject  being  distinct,  so  that  candidates  may,  if  they  desire 
it,  take  a  certificate  only  in  one  subject  of  a  group.  Mention  is  made  of 
text-books  solely  to  afford  a  candidate  some  assistance  in  selection  and  a 
general  idea  of  the  scope  of  the  examination,  and  not  at  all  to  confine  his 
reading  to  those  works  or  to  assert  that  they  are  the  best  on  the  subjects 
they  treat  of. 

Any  certificate  obtained  at  the  examination  may  be  raised,  by  re- 
exammation,  in  the  next  or  any  follomng  November  to  a  higher  grade. 

A  Course  of  Lectures  as  detailed  below,  on  "  Preparation  for  obtaining 
*'  Science  Certificates  and  the  Method  of  teaching  a  Science  Class,"  has 
been  delivered  by  direction  of  the  Lords  of  the  Committee  of  Council  on 
Education.  The  lectures  may  be  purchased,  price  2d.  each,  at  the  book 
stall.  South  Kensington  Museum,  or  on  application  by  letter,  enclosing 
postage  stamps,  to  the  Secretary,  Department  of  Science  and  Art,  South 
Kensington,  London,  W. 
Group  L    -  Geometrical  Drawing,  &c.  Prof.  T.  Bradley. 

„       n.  -  Mechanical  Physics         -  Rev.  B.  M.  Cowie,  M.A. 

„       HI.-  Experimental  Physics      -  Prof.  TyndaU,  F.R.S. 
IV.-  Chemistry       -        -        -  Prof.  Hofmann,  F.R.S. 


V.  -  Geology 

Mineralogy,  &c. 
VL-  Zoology 
VIL  Botany 


Prof.  Ramsay,  F.R.S. 

-  Prof.W.W.  Smyth,  M.A.,F.R.S. 

-  Prof.  Huxley,  F.R.S. 

-  Edwin  Lankester,  M.D.,  F.R.S. 
Navigation  and  Nautical  J.  Riddle,  F.R.A.S. 

Astronomy. 
Physical  Geography        -  Dr.  G.  Kinkel,  F.R.G.S. 

A  Second  Course  has  been  delivered,  of  which  the  following  have 
been  published ; — 

Lecture  I.  -  Vegetable    Physio-  Edwin  Lankester,  M.D.,    3rd  February. 

lojry  and  Econo-      F.R.S. 

mic  Botany. 
Lecture  H.    Mechanical  Physics  Rev.  B.  M.  Cowie,  B.D.  10th  Februaiy. 
Lecture  IV.  Mining         -        -  W.  W.   Smyth,  M.A.,  24th  February, 

F.R.S. 
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SYLLABUS. 


OBOVP    X. 

Practical  Planb,  and  Descriptive  Geometry,   Mechanical 
AND  Machine  Drawing,  and  Building  Construction. 

This  group  consists  of  three  subjects,  viz., — (first  subject)  Practical 
Plane,  and  Descriptive  Geometry.  (Second  subject)  Mechanical  and 
Machine  Drawing.  (Third  subject)  Building  Construction.  And  it  is 
open  to  the  candidate,  to  pass  in  either  of  the  subjects  alone,  or  in 
all,  but  a  teacher  will  not  receive  any  payments  for  Subjects  IL  or  IIL 
until  he  is  certificated  in  I. 

Snbject  X.— Practieal  Plane,  and  Deacriptive  GeometiT. 

Practical  Geometry,  plane  and  solid ;  required  by  architects,  engineers, 
mechanists,  shipbuilders,  and  others  employed  in  arts  of  construc- 
tion. 

The  candidate  is  expected  to  have  acquired  readiness  in  the  use 
of  the  usual  drawing  instruments  and  materials,  to  be  skilful  in  drawing 
lines  and  circles  in  Indian  ink,  plain  or  dotted,  of  different  degrees  or 
fineness ;  drawing  parallel  equi-distant  lines,  at  least  six  inches  long, 
and  from  Ave  to  twenty  or  thirty  in  an  inch ;  drawing  from  ten  to  thirty 
lines*  passing  through  one  point  and  forraina^  equal  ansles ;  diyiding  by 
trial  lines  and  arcs  mto  any  number  of  equal  parts.  He  should  also  be 
able  to  mend  his  drawing  pens  and  other  mstrumcnts,  and  to  verify  his 
rulers,  &c. 

Constructions  in  Plane  Geometry. 

1.  To  draw  lines  through*  given    points,    in   every  position,    either 

parallel^  perpendicular  to,  or  to  form  any  proposea  oblique  angle, 
with  given  Imes. 

The  use  and  construction  of  the  protractor,  and  of  the  "  scale  of  chords'* 

for  these  purposes,  should  be  understood,  and  the  deduction  of  certain 

angles  from  the  direct  division  of  the  circle. 

2.  To  draw  circles  or  arcs,  through  given  points,  to  touch  given  lines  or 

circles,  and,  conversely,  lines  to  touch  circles. 

Required  in  drawing  framework  for  machinery,  architectural  designs, 
ornamentation,  &c. 

3.  The  piindples  of  drawing  symmetrical  forms  by  means  of  coordinate 

to  the  axis  of  symmetry. 

This  is  the  basis  of  all  drawing,  of  all  objects  of  construction,  which 
are  universally  symmetrical,  not  only  in  architecture^  civil  and  naval, 
but  in  machinery  and  engineering  works  of  all  kinds. 

4.  Constructions  of  figures  similar  to  given  rectilinear  or  mixtilinear 

figures. 

Here  the  construction  and  use  of  '* scales"  plain  and  comparative, 
siMNild  be  thorougdily  understood  and  explained,  and  the  principles  of 
the  dtaptnud  and  the  vernier  subdivision.  Also  the  mode  or  reducing  or 
enUu|png  drawings  by  means  of  similar  rectangles,  termed  efmarima  a 
drawing.  The  use  of  the  sector  and  of  ^roportfonal  compasses^  and  of 
the  perttagraph  and  ddograph,  in  facilitating  copying  should  be  known. 
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5.  To  construct  rectilinear  figures  similar  to  given  ones,  but  with  a  pro* 

posed  area. 

6.  To  determine  by  construction  numerical  quantities  such  as    a/  m ; 

V'-;  v^i?±p;  &c.    ^  t  :i '. 

7.  To  construct  a  triangle,  any  three  parts  being  given. 

Used  in  levelling,  surveying,  and  the  determination  of  heights  and 
distances.  Great  accuracy,  neatness,  and  distinctness  of  construction, 
yirilibe  insisted,  on : .  Geometrical  drawing  is  valueless. unlesii  it  possesses 
these  reimisites.  A  few  illustrations  of  constructions  oh  the  ground,  by 
means  or  a  **  chain,"  pins  and  cords,  necessary  in'  surveying,  and:  *''s<Stting 
out "  buildings  and  earthworks,  may  be  added  to  the  course,  .as  weUr  as 
the  solution  of  a  few  elementary  problems  by  means  of  the  compasses 
alone. 

8.  The  delineation  of  a  few  of  the  curve  lines  required  in  the  aarts«  sucb 

as  the  ellipse,  cycloidal  curves,  the  involute  and  sinusoid,  with  the 
graphical  method  of  determining  their  tangents  and  normals. 

Required  in  desi«iing  elliptic  arches,  oblique  bridges,  teeth  of  wheels, 
cam-work,  screws,  &c. 

9.  Practice  in  tinting  and  shading  with  Indian  ink,  so  as  to  express 

curved  surfaces  and  shadows.  • 

For  the  preceding  part  of  the  course,  a  fair  knowledge  of  the  first  six 
books  of  Euchd  is  strongly  ei^oined,  some  acquaintance  also  with 
trigonometiy  will  be  of  service,  as  without  such  previous  knowledge, 
the  learner  is  simply  copying  what  is  set  before-  him,  and  cannot 
attain  the  highest  skill  in  drawing. 

Constructions  in  Solid  Geometry. 

{Descriptive  Geometry,)  •  •- 

Preceded  hj  explanations  of  the  term  prcjiection,  and  of  the  necessity 
for  it,  m  order  to  express  graphically,  on  a  surface,  solids  of  any 
kind ;  the  distinction  between  orthographic  and  perspeetiioe  projec- 
tions: their  uses,  and  general  pannciples  which  are  ^e- foundation 
of  their  practical  application. 

Orthographic  Pfqf Action, 

Why  the  projections,  of  any  solid  .  consisting  of  a  combination  of 
geometiic  forms,  on  two  or  three  co-ordinate  planes  are  nebessaiy  to 
show  the  form  and  dimensions  of  that  solid. 

Meaning  of  the  terms  plan,  elevation,  profile,  section*  The  pviaciple  of 
the  representation  of  surfaces  by  the  projectiops  of  their  generators, 
or  of  equi-distant  horizontal  sections  termed  contours.  The'diredion 
and  inclination  of  an  indefinitely  extended  planie  given*  by  its  con- 
tours, or  by  its  traceson  an^  twef  eo^ordinate  plamssj    •  < 

These  principles  should  be  quite  familiar  io  the  candidate,  Vanii  will  be 
tested  by  making  him  draw  plans,  elevations,  and  sections  of  simple 
'solids,  as  prisms,  pyramids,  coneis,  sphef«s,  cylinders,  add  tof  lijiit- 
metrical  solids  formed  by  their  combinations.  •''  """^  *' 

A  few  of  the  problems  relating  to  points,  UneSi.planes>  wii>  cuiyed  sur- 

.'.  .  faces,  will  bfi  required,  as*-^      m-     -.    >'.     .^ov...nnT 

I.  Todrawlinesandplanesparallel  or  perpendicular  td  eKijh  other,  to 

•  eooftaiit' given  poMts  or  lines;-  hH^  the.  liraitA  of  thp  {To^l^ility  o( 

•  -  '  ^biiitioitt  of  Miy  prolilem  shomd  always  be  understobd. '  '■''  ^ 
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2.  The  preceding  constructions  combined  and  applied  to  determine  by 

then*  projections  th6  simple  solids  before  mentioned,  when  they  are 
not  symmetrically  situated  with  respect  to  the  supposed  planes  of 
pro^ction. 

3.  Apphcations  to  the  intersections  of  surfaces,  and  of  the  development 

of  such  as  admit  of  it. 

This  may- be  considered  the  most  important  part  of  descriptive  geome- 
try to  the  artizan,  as  it  is  required  in  all  arts  ofconstruction.  The  mason, 
caip<»i]ter^  and  shipwright,  workers  in  tin-plate,  boiler  makers,  &c,  would 
all  be  benefited  by  a  knowledge  of  it. 

This  application  has  been  termed  Stereotomy,  and  better  and  more 
significandy  in  French,  "  Coupe  de  pierres." 

Much  practical  knowledge  of  the  subject,  arising  ftom  their  pursuits, 
is  possessed  by  workmen,  while  the  want  of  a  scientific  knowledge  of 
it  compels  architects,  enjpneers,  and  their  drawing  clerks  to  leave  to 
the  workmen  the  execution  of  their  conceptions  which  they  cannot 
themselves  design. 

4.  The  solution  by  construction  of  the  spherical  triangle  from  any  three 

given  parts,  is  mentioned. 

As  important  to  masters,  mates,  and  others  engaged  in  any  kind  of 
astronomical  calculations. 

Isometric  Projection, 
Is  usefully  employed  in  the  representation  of  works  chiefly  of  a  rectan- 
gular form,  such  as  timber  framing,  canal-locks,  and  many  parts  of 
machinery ;  its  use  is  much  increasing :  it  is  readily  understood, 
and  can  be  practised  by  anyone  who  has  gone  through  the  first  two 
articles  of  this  section. 

Perspective  Projection. 

May  be  taken  up,  but  will  not  be  insisted  on  as  it  is  rarely  used  except 
by  architects  to  represent  buildings  (not  yet  executed),  as  they  would 
appeav  to  Hie  eye  at  any  spot  from  which  they  could  be  viewed,  and 
the  power  of  applying  it  for  this  purpose  is  possessed  by  many  who 
know  little  of  the  really  easier  subject  of  descriptive  geometry ;  but 
as  its  application  by  the  architect  must  be  subordinated  to  artistic 
taste,. this  considomtibn  excludes  it,  in  some  measure,  from  a  purely 
geoinetrical  course. 

No  one,  however,  can  be  considered  a  scientific  draughtsman  unless  he 
can  apply  perspective  projection  to  the  projection  of  shadows,  the 
projections  of  the  sphere,  the  constructions  of  maps  and  dials,  and 
some  other  uses. 

For  the  second  division  of  this  course,  in  addition  to  what  was  before 
indicated,  a  competent  knowledge  of  the  theorems  relating  to  the 
line  and  plane  (Buclid,  Book  XT.),  and  an  acquaintance  with  the 
leading  properties  of  the  conic  sections,  the  geometry  of  the  sphere, 
and  some  spherical  trigonometry  is  important,  it  cannot  be  too 
urgently  reconunended  to  all  persons  wishing  to  master  this  course, 
to  stuchr  such  works  as  "  Geometry,  Plane,  Solid,  and  Spherical " 
of  the  Library  of  Useful  Knowledge,  and  Mr.  Bell's,  in  Chambers' 
Educational  Course. 

Geometry,  Plain,  Solid,  and  SpAmca/ (Library  of  Useful  Knowledge)  is  es- 
pecially recommended  as  a  work  to  be  studied  on  Theoretical  Geometry. 

Text-Books  for  Practical  Planeljeometry. — Bradley's  Geometrical  Drato- 
ing;  Burchett's  Practical  Geometry:  Practical  Geometry,  Linear  Per- 
spective  and  Projection  (Library  or  Useful  Knowledge). 

For  Descriptive  Geometry. — Bradley's  Geometrical  Drawing;  Hall's  J^Ze- 
ments  of  Descriptive  Geometry  for  Students  in  Engineering, — Heather's 
Descriptive  Geometry,    Also  the  following  French  WorKs,  which  are 
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mentioned  in  consequence  of  the  great  defidency  of  English  Works 
on  Geometrical  Drawing. — Elfmens  de  G4omitrxe  Descriptive^  par  S. 
F.  Lacroix ;  Traiti  de  Giktmitrie  Descriptive,  par  Levebure  de  Fourcy ; 
Nouveau  Cours  raisonne  de  Dessin  Inaustriel,  par  Armengaud,  aine^ 
et  Armengaud^  jeune,  et  Amouroux ;  Bardin's  Works  on  Descriptive 
Geometry. 

Subject  XX.— MecHanieal  and  MacHine  X>rawin|^. 

The  candidates  in  Subjects  IL  and  III,  will,  some  time  before  the  eX' 
amination,  have  specifications  of  subjects  given  to  them,  of  which  they 
will  be  required  to  prepare  drawings  before  the  examination.  These 
drawings  must  be  bond  fide  their  own.  The  candidates  may  be  examined 
on  them,  and  if  the  results  be  satisfactory,  they  will  count  towards  their 
certificates,  but  they  will  only  be  taken  into  consideration  when  it  is 
clearly  seen  from  the  regular  examination  that  the  candidate  is  qualified 
for  a  certificate. 

The  application  of  the  foregoing  Subject  I.  to  the  drawing  of  ma- 
chinery, in  which  great  accuracy  and  neatness  of  drawing  will  be 
insisted  on. 

The  candidate  will  be  required  to  take  measurements  with  calipers,  &c., 
and  to  make  drawings,  elevations,  and  sections  of  a  simple  machine, 
or  of  parts  of  one,  set  before  him.  Also  to  draw  a  portion  of  a 
machine  from  written  dimensions  and  description.  He  will  be 
required  to  have  sufficient  knowledge  of  the  principles  of  machinery, 
gearing,  ^c,  to  be  able  to  make  working  drawings  of  a  machine  or 
portions  of  a  machine  from  a  rou^h  sketch,  applying  the  power  to 
the  greatest  advantage,  and  obtaining  such  power  or  changes  of 
motion  as  are  required.  In  fine,  such  knowledge  and  readiness  as 
would  be  required  of  a  good  draughtsman  in  an  engineer's  office. 

Subject  XIX.— Building^  Constmctiioii,  or  Ifa^al 
Architecture* 

(See  previous  Subject.) 

The  candidate  will  be  required  to  possess  sufficient  knowledge  of  con- 
struction--(l)  to  apply  the  various  materials  used  in  building  to  their 
greatest  advantage ;  (2)  to  be  able  to  make  detail  and  working  drawings 
showing  a  knowledge  of  the  methods  of  construction  and  the  framing 
of  ordinary  roofs,  bridges,  &c.,  whether  of  wood,  iron,  or  masonry ; 
(3)  to  frame  estimates  and  take  out  quantities. 
Neatness,  accuracy,  and  facility  in  drawing  will  be  insisted  on,  and 
the  genera]  requirements  in  this.  Subject  will  be  such  as  would  be 
possessed  by  a  good  draughtsman  in  an  architect  or  builder's  office, 
with  a  slight  scientific  knowledge  for  the  proper  application  of  the 
materials  he  is  required  to  work  with. 

X.B. — ^Naval  Architecture  maybe  taken  instead  of  Building  Construc- 
tion ;  the  same  description  of  attainments  will  be  required. 
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OBOUP  XI. 

Mechanical  Physics. 
l^is  group  is  taken  under  two  subjects. 

Subject  X. — Meclianies  as  a  Science,  or  Theoretical 
MecHanica. 

Statics.  Composition  and  resolution  of  forces.  Forces  actinff  on  a 
point — on  a  rigfid  body.  Parallel  forces.  Centre  of  gravity.  Theory 
of  moments  or  couples.  Principle  of  virtual  velocities.  1  he  mecha- 
nical powers.    Friction.     Equibbrium  of  roofs  and  arches. 

Dynamics.  Laws  of  motion.  Uniformly  accelerated  motion.  Motion 
by  gravity  •Variable  forces.  Projectiles.  Centrifugal  force.  Motion 
on  inclined  planes — on  curves.  Pendulums.  Motion  of  rigid  bodies, 
free  or  constrained.  Moment  of  Inertia.  Centre  of  oscillation—of 
percussion.     Motion  of  flexible  bodies,  such  as  a  musical  string. 

Hydrostatics^  Hydrodynamics,  and  Pneumatics.  Mechanical  properties 
of  liquids.  Law  of  pressure.  Centre  of  pressure.  Laws  of  floating 
bodies.  Capillary  attraction.  Laws  of  fluid  motion,  through  open 
channels,  closed  pipes,  or  orifices. 

Mechanical  properties  of  elastic  fluids.  Theory  of  barometers.  Con- 
nexion between  pressure,  temperature,  and  volume.  Specific  heat. 
Weight  of  atmosphere.     Use  of  barometer  in  calculating  heights. 

In  this  subject  the  candidate  will  have  to  show  a  mathematical 
knowledge  of  the  laws  of  Mechanics,  and  must  be  able  to  prove  from 
first  principles  the  principal  theorems. 

The  books  recommended  for  study  are — Whewell's  Elements  of  Mecha- 
nics, or  Snowball's;  Moseley's  Engineering  Architecture;  Natural 
Philosophy,  by  Dr.  Golding  Bird  and  Mr.  Brooke ;  Goodwin's 
Elementary  Course, 

Subject  XX. — MecHanica  aa  an  Art,  or  Applied  Mechanica. 

General  principles  of  mechanism.  Elementary  combinations.  When  the 
connexion  is  by  rolling  contact,  sliding  contact,  wrapping  connectors 
or  linkwork,  with  constant  or  varying  velocity  ratio,  and  constant  or 
varying  directional  relation. 

Machines  of  ordinary  occurrence  must  be  thoroughly  understood  and 
particular  parts  to  be  described  and  drawn  :  such  as  cranes ;  lathes ; 
drills:  planing,  punching,  boring,  shaping,  and  slotting  machines. 
Spinning  and  weaving  machinery.  Mode  of  calculating  power  of 
machinery.     Dynamometers,  indicators,  &c. 

Materials,  The  general  properties  of  materials.  Elasticity.  Weight. 
Specific  weight.  Mechamcal  work.  Work  done  by  pressure,  by 
impact,  by  expansion  of  elastic  gases  and  steam,  by  animal  muscular 
effort. 

Resistance  to  expansion,  to  compression,  to  rupture.  Friction  of 
solids.  Its  importance  in  construction.  Resistance  of  fluids  to 
bodies  moving  \^dthin  them.  Adaptiation  of  form  and  material  for 
maximum  resistance.  Beams  of  greatest  strength.  Construction  of 
roofs,  arches,  stone  and  timber  bridges,  suspension  bridges,  and 
tubular  girders. 

Hydrostatics,  Hydrodynamics,  and  Pneumatics.  Pressure  on  flood- 
gates ;  locks  5  water-wheels ;  turbines ;  water-pressure  engines ; 
breakwaters.  Hydrometers.  The  syphon.  Hydraulic  ram.  Pumps. 
Diving  bell.  Condenser.  Windmills.  Steam-engines,  stationary, 
marine,  locomotive.  The  steam  hanuner.  Water  supply  to  towns. 
Theory  of  tides,  in  the  open  sea,  and  in  rivers. 
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In  this  subject  the  candidate  will  be  expected  to  show  how  the 
principles  are  applied  in  aokialpiaetioe!  he  will  be  expected  to  show 
by  clear  well-drawn  sketches^  his  acquaintance  with  parts  of  machines. 

The  candidate  wiU  have  tools  and  models  put  before  him,  with  some  of 
which  he  must  show  he  is  familiaf,  and  that  he  can  eicplain  their  use 
and  construction. 

Books  recommended, — ^Willis's  Mechanism;  Baker's  Elements  tf  Me- 
chanism: the  books  in  Weale's  Series  which  treat  on  the  subjects 
specified.  Twisden's  Practical  Mechanics;  Goodeve's  Elements  of 
Mechanism. 


aBoup  XXX. 

EXPBRIMBNTAL  PhY8IC». 

This  group  is  taken  under  two  subjects.  ^ 

Subject  X.'^Aconstics,  Xaifrlit,  and  Heat. 

Acoustics.  .   -.  . 

The  candidate  ought  to  know  the  manner  in  which  sound  originates, 
and  is  propagated ;  its  velocity  in  difPerent  media^  and  how  itB  velcksity 
through  air  is  affected  by  density  and  temperature. 

He  ought  to  know  the  origin  of  musical  sounds ;  of  pitch ;  of  harmony 
and  discord ;  to  commit  to  memory  the  rates  of  vibration  of  the 
several  notes  of  the  gamut ;  to  be  able  to  make  sonorous  vibrations 
visible  by  means  of  glass  plates  and  membranes;  to  calculate  the 
length  of  sonorous  waves,  and  to  determine  practically  the  number  of 
vibrations  due  to  any  particular  note.  He  ought  therefore  to  under< 
stand  the  construction  and  use  of  the  Syren. 

He  ought  to  be  able  to  describe  and  illustrate  the  condition  of  a  vibrating 
string,  or  column  of  air  at  its  nodal  points  and  ventral  segments  and 
to  explain  echos  and  resonance. 

Light. 

The  candidate  ought  to  know  how  its  velocity  was  first  determined  &om 
observations  upon  Jupiter's  satellites. 

He  ought  to  be  able  to  devise  a  simple  means  of  exhibiting  both  the 
refled;ion  and  reaction  of  light ;  to  be  able,  to  state  the  laws  of  bpth ; 
to  explain  what  is  meant  by  total  reflection;  and  to  apply  it  to  the 
explanation  of  the  Mirage  of  the  Desert,  the  Phantom  Shipy.  and  other 
similar  phenomena. 

He  ought  to  be  able  to  explain  why  the  image  in  a  plane  mirror  must 
appear  as  far  behind  the  mirror  as  the  object  is  in  front ^f  it;  why  a 
stick  appears  bent  when  dipped  obliquely  into  water ;  and  why  the 
bottom  of  a  river  or  lake,  or  of  a  basin  which  holds  water,  appears^ 
be  nearer  to  the  surface  than  it  really  is.  ,      ' 

He  ought  to  be  able  to  dc4«nnine  the  positions,  of  the  foci  of.  spherical 
mirrors,  both  concave  and  convex ;  to  describe  the  characters  of  their 
images,  whether  erect  or  inverted;  magnified  pr  reduced;  and  to  do 
the  same  for  convergent  and  divergent  lenses.  ... 

He  ought  to  know  the  construction  of  the  human  eye ;  the  conditions  of 
distinct  vision,  the  use  of  spectacles;  and  to  be  able  to  describe  a 
simple  form  of  the  reflecting  and  refracting  telescope  and  of  the 
microscope. 

He  ought  to  know  the  constitution  of  light;  to  be  able  to  d^oribe  the 
spectrum  produced  by  refraction  with  a  prism ;  to  explain  the  origin 
of  colours,  and  to  give  a  clear  explanation  of  the  rainbow. 
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Heat. 

The  eiuididate  ought  to  be  able  to  describe  the  construction  and  gra- 
duation of  an  ordinary  mercurial  thermometer;  to  understand  the 
scales  of  Fahrenheit,  Celsius,  and  Reaumur. 

He  ought  to  have  clear  ideas  of  conduction  and  radiation ;  to  be  able  to 
devise  some  simple  means  whereby  the  conductive  and  radiative  powers 
of  Afferent  bodies  may  be  determined ;  to  explain  fully  the  formation 
of  dew,  and  to  state  the  conditions  favourable  to  its  production. 

He  ought  to  know  the  effect  of  heat  upon  the  volumes  of  bodies ;  to 
know  what  is  meant  by  the  coefficient  of  expansion,  and  how  it  may 
be  determined;  to  give  illustrations  of  the  enormous  power  of  heat  in 
produdng  expansion ;  to  state  exceptional  cases ;  to  know  the  manner 
m  which  heat  is  propagated  through  liquids  and  gases,  as  distin- 
guished firom  ordinary  conduction;  and  to  be  able  to  combine  two 
metals  possessing  different  coefficients  of  expansion,  so  as  to  form  a 
compensating  pendulum. 

He  ought  to  know  the  meaning  of  latent  heat  and  of  specific  heat,  and 
to  illustra;te  both  by  reference  to  ice,  water,  and  steam ;  he  ought  to 
be  able  to  show  the  influence  of  the  high  specific  heat  of  water  upon 
an  island  climate. 

He  ought  to  know  the  strict  physical  meaning  of  ebullition ;  and  the 
influence  of  pressure  upon  the  boiling  points  of  liquids ;  he  ought  to 
have  a  general  knowleage  of  the  origm  of  winds  and  clouds,  and  to  be 
able  to  explain  the  fact  that  the  rain-fall  upon  the  south-west  side  of  a 
mountain  chain  in  England  and  Ireland  is  much  more  copious  than 
on  the  north-east  side. 

Subject  XX.— Magnettsm  and  Electricity. 

Magnetism. 

The  candidate  ought  to  know  the  action  of  one  loadstone  upon  another 
which  is  freely  suspended,  or  set  afloat  upon  a  liquid ;  he  must  have  a 
perfectly  clear  notion  of  magnetic  polarify,  and  of  the  action  of  mag- 
netic poles  upon  each  other. 

He  must  know  the  difference  between  the  action  of  magnetised  and 
unmagnetised  steel  upon  a  magnetic  needle  ;  also  the  difference 
between  aoffc  iron  and  hard  steel,  with  regard  to  their  acceptance  and 
retention  of  the  magnetic  condition ;  (coercive  force). 

He  must  be  able  clearly  to  state  the  condition  of-  a  mass  of  soft  iron 
when  under  the  influence  of  a  ma^et,  and  in  virtue  of  which  condi- 
tion the  iron  is  attracted ;  (magnetic  induction). 

He  must  be  able  to  describe  the  action  of  the  earth  upon  a  magnetic 
needle;  must  know  the  meaning  of  declination,  inclination  Or  dip, 
and  of  secular  and  diurnal  variation ;  the  action  of  the  earth  upon  a 
bar  of  soft  iron  according  as  it  is  held  in  the  direction  of  the  dip  or  at 
right  angles  to  this  direction ;  ^ally,  the  effect  of  percussion  in  ren- 
dering the  condition  assumed  by  the  bar  of  soft  iron  a  permanent  one. 

He  ought  to  be  able  to  compare  accurately  the  strength  of  one  magnet 
with  that  of  another,  and  to  state  how  the  relative  intensity  of  the 
earth's  magnetism  at  two  points  of  its  surface  may  be  ascertained. 

Frictional  Electricity. 

The  candidate  ought  to  know  various  simple  ways  of  exciting  electricity 
ta  be  clearly ii^ormed  as  to  the  dujilex  chajracter  of  the  force;  to 
know  the  condition  of  the  rubber  as  well  as  that  of  the  body  rubbed ; 
and  to  be  conversant  with  various  forms  of  electroscopes  and 
electrometers. 
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He  ought  to  know  the  foundation  of  the  terms  vitreous  and  resinous, 
positive  and  negative ;  to  be  able  to  illustrate  the  action  of  two  elec- 
trified bodies  upon  each  other;  and  to  tell  at  once  whether  a  body  is 
positively  or  negatively  charged. 

He  ought  to  have  a  clear  knowledge  of  electric  conduction,  insulation, 
and  induction ;  and  be  able  to  explain  the  state  of  a  neutral  conductor 
when  acted  upon  by  an  electrified  body ;  he  ought  to  be  able  to  prove, 
experimentally,  that  though  we  cannot  by  breaking  a  magnet  obtain 
two  halves  each  with  a  single  pole,  we  can  hj  breaking  an  electrified 
body  obtain  two  halves  each  charged  with  a  single  electricity. 

He  ought  to  be  able  to  explain  the  influence  of  points  and  flames  when 
attached  to  an  electrified  conductor;  and  to  describe  the  action  of 
lightning  conductors. 

He  ought  to  be  able  to  describe  the  electric  machine,  and  the  elec- 
trophorus  ;  and  to  explain  the  action  of  the  condenser  and  of  the 
Leyden  jar. 

He  ought  to  be  able  to  state  the  principal  efiPects  of  the  electric  dis- 
charge ;  to  state  the  atmospheric  conditions  necessary  to  the  produc- 
tion of  a  thunderstorm ;  and  to  give  a  clear  account  of  the  so-called 
return  stroke. 


Voltaic  Electricity. 

The  candidate  ought  to  be  able  to  state  precisely  how  voltaic  electricity 
may  be  generated ;  to  describe  Volta's  pile,  and  his  crown  of  cups ; 
and  also  the  batteries  of  DanieU,  Grove,  and  Bunsen. 

He  must  have  a  clear  conception  of  what  is  meant  by  the  direction  of  an 
electric  current ;  and  be  able  to  illustrate  in  the  fullest  manner  the 

'  action  of  a  current  upon  a  freely  suspended  magnetic  needle.  Given 
the  direction  of  the  current,  he  must  be  able  to  state  how  the  needle 
moves ;  given  the  movement  of  the  needle,  he  must  be  able  to  infer 
from  it  the  direction  of  the  current. 

He  must  be  able  to  describe  fully  the  action  of  a  current  upon  soft  iron ; 
and  to  infer  from  the  direction  of  the  current  the  nature  and  position 
of  the  magnetic  poles,  which  it  excites. 

He  must  be  well  acquainted  with  the  chemical  reactions  which  take  place 
both  in  the  batteries,  mentioned  above,  and  also  in  other  liquids 
through  which  the  current  may  be  sent. 

He  must  be  able  to  measure  the  strength  of  an  electric  current,  and  he  is 
strongly  recommended  to  master  thoroughly  the  law  of  Ohm,  regard- 
ing the  mutual  relations  of  electromotive  force,  resistance,  and  strength 
of  current. 

He  ought  to  be  acquainted  with  the  so-called  polarisation  of  metallic 
plates  between  which  a  current  passes  through  a  liquid,  and  to  show 
how  this  is  avoided  in  Grove's  battery. 

He  ought  to  be  able  to  give  a  clear  description  of  some  one  form  of  the 
electric  telegraph. 

He  ought  to  be  acquainted  with  the  physiological  efiects,  and  with  those 
of  light  and  heat  produced  by  the  voltaic  current ;  and  to  show  the 
dependence  of  the  heat  on  the  strength  of  the  current,  and  on  the 
resistance  which  it  encounters. 
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It  would  also- be  well  to  master  as  much  of  the  phenomena  of  induced 
currents  as  would  enable  the  candidate  to  explain  the  action  of  the 
galvanizing  apparatus  used  by  medical  men. 

NoTx. — This  candidate  will  perceive  that  this  list  is  long  because  the 
object!  to  which  he  is  to  devote  his  attention  are  separately  specified. 
Definition  is  thus  given  to  his  studies  and  their  precise  scope  marked 
out  for  him.  He  is  recommended  to  repeat  with  his  own  hands,  as  far 
as  it  is  in  his  power  to  do  so,  the  experiments  which  he  finds  described 
in  good  handbooks  of  Natural  Philosophy ;  this  will  pve  a  certainty  to 
his  knowledge  and  an  interest  to  his  pursuits  which  mere  reading 
can  never  confer.  The  first  requisite  demanded  of  him  on  his 
examination  will  be  that,  however  small  his  knowledge,  it  shall  be  well 
digested  and  sound. 

Te2ct-Books : — Lardner's  Handbook  of  Natural  Philosophy  ;    Natural 
Philosophy,  by  Dr.  Golding  Bird  and  Mr.  Brooke. 


OBOVP    XV. 

Chemistry,  Inorganic  and  Organic. 
This  group  is  taken  under  two  subjects. 

Subject  X. — Xnorg^anic  Chemistry. 

The  general  principles  of  chemical  philosophy.  Laws  of  combination. 
Combining  weignts  and  chemical  equivalents.  Combining  volumes. 
Chemical  mnbols  and  their  use  in  the  explanation  of  chemical 
changes.    The  atomic  theory. 

The  non-metallic  elements :  Oxygen.     Combustion. 

Hydrogen,  Water.  Chemical  composition  and  properties.  Adaptation 
for  domestic  purposes.     Hardness,  permanent  and  temporary. 

Nitrogen.  Nitrous  oxide,  nitric  oxide.  Nitric  acid.  Nitrification. 
Ammonia. 

Carbon.  Process  of  carbonization.  Carbonic  oxide.  Carbonic  acid. 
Marsh  gas.     Olefiant  gas.    Manufacture  of  coal  gas. 

Suhhur.  Sulpliurous  acid,  sulphuric  acid.  Sulphuretted  hydrogen. 
Bisulphide  of  carbon. 

Chlorine.  Hypochlorous  acid.  Bleaching  agents  and  theory  of  bleach- 
ing. Chloric  acid  and  percliloric  acid.  Chloride  of  ftitrogen. 
Chlorides  of  carbon. 

Bromine.    Bromic  acid  and  hydrobromic  acid. 

Iodine.    Iodic  acid,  periodic  acid,  and  hydriodic  acid. 

Fluorine.    Hydrofluoric  acid. 

Phosphorus.  Hypophosphorous  acid,  phosphorous  acid.  The  several 
modifications  of  phosphoric  acid :  ordinary  phosphoric,  pyrophos- 
phoric,  and  metaphosphoric  acids.  Theory  of  polybasic  acids.  Phos- 
phoretted  hydrogen.  Chlorides  of  phosphorus.  Manufacture  of 
matches. 

Boron  and  boracic  acid. 

Silicium  and  silicic  acid. 

The  metals :  Potassium.  Manufacture  of  nitre.  Manufacture  of  gun- 
powder. Theory  of  the  action  of  gunpowder.  Sodium.  Manufacture 
of  carbonate  of  soda. 

Barium.    Strontium.    Calcium.    Mortars. 

Magnesium,  Aluminium.     Manufacture  of  glass  and  porcelain. 

Manganese,  Iron,  Composition  and  properties  of  cast  iron,  wrought 
iron,  and  steel. 
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Zinc.    Cadmhtm,'  Copper.    Lead.   Mbhu- 
Course  of  analysia  in  cases  of 


Arsenic. 


Their  principftl  compounds 


Cobalt,    Nickel.    Chromium, 

facture  of  white  lead. 
Bismuth.    Mercury.     Tin.- 

poisoning. 
Antimony.    Silver.     Gold,  and  piatinum, 

with  the  non-metallic  elements. 
Outline  of  qualitative  analysis.     Reactions  of  the  principal  mineral 

acids  and  bases. ..  Course  pursued  in  the  application  of  these  reactions 

to  the  analysis  of  a  mixture  of  several  acids  and  bases. 

The  following  is  the  list  of  Apparatus  and  Re-agents  with  which 
Candidates  make  their  analysis  at  the  examination : — 

Apparatus. 


Test  tubes  and  stand. 

Metal  filter  stand. 

Wash  bottle  containing  distilled 
water. 

Spirit  lamp. 

Black  blowpipe. 

Charcoal  for  blowpipe  experi- 
ments. 

Iron  spoon. 

Tongs. 

Pestle  and  mortar. 

Porcelain  dishes. 


Watch  glasses. 

Porcelain  crucible. 

Triangles. 

Test  tube  cleaner. 

Platinum  wire  and  foil. 

Funnels. 

Cut  filters. 

Sulphuretted  hydrogen  apparatus. 

Platinum  crucible. 

Herapath's  blowpipe. 

Stirring  rods. 


Sulphuric  acid. 
Hydrochloric  acid. 
Nitric  acid. 
Hydrosulphuric  acid. 
Potassa. 
Ammonia. 

Chloride  of  ammonium. 
Sulphide  of  ammonium. 
Carbonate  of  ammonium. 
Phosphate  of  sodium. 
Chloride  of  barium. 
Chloride  of  calcium. 
Lim,e  water. 
Sulphate  of  calcium. 

Carbonate  of  sodium. 
Nitrate  of  potassium. 
Cyanide  of  potassium.  . 
Borax. 


Re-agents.  , .  .        . 

In  the  liquid  state. 

Sulphate  of  potassium. 
Sulphate  of  magnesium.     '' 
Chromate  of  potassium^ 
Oxalic  acid. 
Tartaric  acid. 
Acetic  acid. 
Hydrofiuosilicic  acid. 
Oxalate  of  ammonium. 
Acetate  of  lead. 
Sesquichloride  of  iron. 
Ferrocyanide  of  potassium. 
Chloride  of  platinum. 
Nitrate  of  silver. 

In  the  solid  state. 
lime. 

Sulphate  of  iron. 
Blue  and  red  litmus  paper. 


Subject  ZZ.— Org^anic  CHemistiT. 

Ultimate  analysis  of  organic  bodies.  Calculation  of  an  empirical 
formula.  Methods  of  controlling  an  empirical  formula.  Dexenni- 
nation  of  the  equivalents  of  organic  adds  and  bases,  examination  of 
products  of  decomposition,  determinittion  of  the  vapour-densitjr  of 
volatile  bodies.     Law  of  substitution. 

The  chemical  history  of  the  Cyanogen  group.  Cyanogen.  Hydrocnramc 
acid.  Cyanic  acid  and  urea.  Fiilminates.  Cyanuric  acid.  Sulpho- 
cyanicacid.    Chlorides  of  cyanogen.  •       - 
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Amfkeconi  vid  sacchanne  substanoea.  Fermentation.  Alcohol,  and 
its  homologues.  Ethers,  simple  and  mixed.  Oxidation  of  alcohol. 
Aldehyde  and  acetic  acid,  and  their  homologues.  Anhydrides,  simple 
and  mixed.  Compound  ethers.  Diatomic  alcohols  and  their  acids. 
Glycol  and  oxalic  acid.  Triatomic  alcohols.  Glycerine.  Fatty  and 
oily  bodies. 

Ammoni&and  its -deiivatives.  Amides  and  amines ;  their  classification. 
Examples  of  natural  alkaloids. 

Prindpal  (x^puiing  matters.  Indigo  and  its  deriyatives.  Examples  of 
proaucts^  formed  by  destructive  distillation.  , ,  j,,     , 

The  chief  constituents  of  the  vegetable  and  animal  organism,  norin, 
albumen>  casein,  &c.  , 

The  diemical  principles  of  a^culture.  ', 

llie.  chemical  principles  of  the  process  of  nutrition  and  inspiration  in 
the  animal  oivanism. 

Text-books.  -r-  Graham's  Elements  qf  Chemistry,  Miller'*  System  qf 
Chemisiry,  Fpwues'  Manual  of  Chemistry,  Gregory's^  Ontlines  of 
Chemistry,  Abel  and  Bloxam's  Handbook  of  Chemistry,  Galloway's 
Qualitative  Analysis. 


OBOVF   V. 

Geology  and  Mineralogy. 
This  group  is  taken  under  two  subjects. 

Subject  Zd — Qeoloi^. 

1.  The  division  of  rocks  into  three  great  classes,  aqueous,  ifirneous,  and 
..  metamorphic. 

2.  The  mooe  of  formation  of  stratified  rocks, — marine  strata — delta 
formations  T  freshwater  beds, — the  sign  by  which  you  can  distinguish 
these.    , 

3.  The  mode  of  occurrence  of  igneous  rocks,  ashes,  lavas,  and  dykes. 

4.  Volcanoes  and  volcanic  phenomena. 

5.  The  theory  of  central  heat. 

6.  Elevation  and  depression  of  land. 

7.  The  ordinary  mineral  substances  that  enter  into  the  composition  of 
tticks.  '.  ■■  ■ 

8.  Fossil]2ation  of  organic  bodies. 

9.  TaWe^  of  geological   formations,  including  those  larger  divisions 

absent  in  Britain. 
10.  Theory  of  tnetamorphism  of  rocks. 

British  Strata. 

1.  Description  of  the  Cambrian  strata  and  Silurian  strata,  their  litho- 
logical  characters,  disturbances  and  chief  fossils. 

2.  Description  of  the  old  red  sandstone  and  Devonian  rocks,  character 
and  fossils.  Origin  of  cleavage.  Slate  and  slate  quarries,  building- 
stones,  limestones,  and  marbles. 

3.^The  carboniferous  limestone  and  coal  measures.    Character,  fossils, 

and  mode,  of  formation.    Origin  of  the  coal  of  the  coal-measures, 

.  and  its  mode  of  occurrence.     Mode  of  occurrence  of  the  ironstone 

of  the  coal  meatiures.    Various  kinds  of  coal,  and  the  relation  of 

anthracite  coal  to  disturbance  of  strata.     lime  quarries,  marbles, 

y^  ^tr!iid^*bu4i4hig;  stones.  Clay  pits  and  potteries  of  the  oarboni^rous 
9tni.t^. '  Fisre  clajr.    Alum  shale. 
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4.  The  Permian  rocks.  Their  strategpraphical  relations  to  the  underlyinfi; 
strata^  composition  of  rocks,  fossils,  and  building-stones. 

5.  The  new  red  sandstone  (or  Trias),  its  subdivisions,  fossils,  building- 

stones,  sand  pits,  rock  salt,  and  brine  springs. 

6.  The  Lias.  Its  subdivisions,  chief  fossils,  building-stones,  and  other 
hydraulic  limestones,  and  clay  pits. 

7.  Oolitic  rocks.  Subdivisions,  leading  fossils,  building-stones.  Lime- 
stones.    Clay  pits,  and  other  economic  products. 

8.  The  Purbeck  and  Wealden  strata.  Origin,  subdivisions,  chief  fossils, 
building-stones,  and  marbles.  Ironstones  and  limestones.  Clay 
pits. 

9.  Cretaceous  rocks.  Subdivisions,  lithological  characters,  fossils, 
building  stone  of  lower  greensand.  Gault,  its  phosphatic  nodules 
and  general  uses.  Upper  greensand,  chalk,  &c.  Building  stones. 
Origin  and  uses  of  chalk-flints. 

10.  Eocene,  or  older  Tertiary  beds.  Subdivisions,  alternation  of  marine 
and  freshwater  beds,  cnief  fossils,  limestones  and  building  stones, 
clays  for  bricks  and  potteries. 

11.  Crag.     Its  subdivisions,  chief  fossils,  phosphatic  remains. 

12.  Disturbance  and  denudation  of  strata. 

13.  Unconformities,  faults,  and  fractures. 

14.  The  causes  of  gaps  in  the  succession  of  strata,  or  of  breaks  in  the 
succession  of  life  in  time. 

15.  Water-bearing  strata,  and  underground  drainage.  Artesian  and 
other  wells. 

16.  British  rocks  in  which  ores  of  metal  are  found,  and  the  general  mode 
of  occurrence  of  these  ores  in  beds  or  lodes. 

17.  The  rules  that  ought  to  guide  the  miner  in  sinking  for  coal  and 

other  minerals,  when  the  beds  in  which  they  lie  are  concealed  by 
over-lying  and  unconformable  strata. 

18.  The  occurrence  of  stream  tin,  gold,  &c.,  in  superficial  detritus. 

19.  The  chief  difiPerences  in  the  nature  and  mode  of  occurrence  of  various 
formations  in  areas  widely  separated  from  each  other. 

Text-books. — Lyell's  Principles  of  Geology;  lArell's  Elements  of  Geology  ; 
Phillips'  Manual  of  Geology j  Jukes'  Manual  of  GeoU^yj  Page's 
Introductory  Text-Book;  Page's  Advanced  Text-Book, 

Subject  ZZ. — Mineralof^. 

A.  Instruction  in  this  subject  should  conmience  with  a  distinct  under- 

standing of  the  characters  by  which  minerals,  properly  so  called, 
are  to  be  distinguished  from  other  inorganic  substances,  and  of  the 
position  of  this  science  in  relation  to  the  collateral  sciences  of 
physics,  chemistry,  and  geology. 

B.  Crystallography,  as  the  essentiid  means  of  appreciating  the  forms 

naturally  assumed  by  almost  all  inorganic  bodies,  must  commence 
with  the  needful  geometrical  definitions,  proceed  to  the  grouping 
of  the  various  crystalline  forms  into  systems,  consider  the  laws  by 
which  the  derivation  of  one  form  from  another  within  the  limits 
of  the  same  system  is  determined,  and  explain  the  combination  of 
various  simple  forms  in  the  faces  exhibited  by  compound  crystals. 
It  is  also  important  to  study  the  deviations  from  regularity  which 
are  commonly  presented  in  nature,  and  the  methods  of  measuring 
those  elements  which  remain  constant. 

c.  The  various  kinds  of  aggregation  exhibited  bv  crystalline  substances 
are  also  to  be  considered,  especially  with  reference  to  masses  of  the 
useful  minerals,  and  of  crystalline  rocks. 

D.  Next  in  order  wiU  follow  the  other  phvsical  characters  of  minerals ; 
1  st,  in  relation  to  their  substance,  as  cleavage,  fracture,  hiurdness»  and 
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specific  gravity :  2ndly,  in  relation  to  the  effects  of  light,  as  trans- 
parency, refraction,  lustre,  and  colour;  Srdly,  as  to  their  electric 
and  maj^netic  properties. 

E.  llie  chemical  characters  of  minerals,  and  the  most  convenient  modes 

of  testing  them ;  1st,  by  aid  of  the  blowpipe ;  2ndly,  by  the 
moist  way. 

F.  Pseudomorphism,  or  the  remarkable  phenomena  presented  by  minerals 

which  have  the  composition  of  one  mineral  coupled  with  the  form 
of  another. 

G.  The  physiography  or  systematic  description  of  minerals.    This  last 

division  shoula  include  all  the  more  remarkable  varieties  as  well  as 
species,  and  should  take  especial  note  of  the  modes  and  places  of 
occurrence,  as  well  as  of  the  association  of  particular  groups  of 
minerals  in  certain  veins  or  formations. 

As  text-books  may  be  recommended — 
Professor  Ansted's  Elementary  Course  of  Mineralogy  and  Geology, 
London,  1856. 
Nicol's  Elements  of  Mineralogy.    Edinburgh,  1858. 
Dana's  Manual  of  Mineralogy,  1851. 
Bristow's  Dictionary  of  Minerals.    Longman  &  Co.  1861. 

For  more  advanced  students — 
Brooke  and  Miller's  Mineralogy.    London,  Longman,  1852. 
On    Crystallography.       Rev.  W.   Mitchell,  in  Orr'a  "Circle  of  the 
Sciences.''    London,  1856. 
Dana's  System  ofMineralooy.    4th  edition.    Putnam,  1854. 
Naumann's  Mineralogie.    Leipzig.     Williams  and  Norgate,London. 
Breithaupt's  Paragenesis  der  Mineralien.     Freiberg,  1849. 
Haidinger's  Handbuch  der  Mineralogie.    Vienna,  1845. 

When  it  is  intended  to  teach  this  subject  with  special  reference  to  the 
practical  working  of  minerals,  the  physiographical  part  will  be  occupied 
more  particularly  with  certain  of  the  useM  species  and  their  associated 
substances,  and  the  following  works  may  be  consulted  :  — 

W.  J.  Henwood  on  the  MetalHferoua  Deposits  of  Cornwall  and  Devon, 
1843. 

Bischof,  Chemical  and  Physical  Geology,  translated  by  the  Cavendish 
Society.    1854. 


aROVP  vx. 

Animal  Physiology  and  Zoology. 

This  group  is  taken  under  two  subjects. 

The  field  presented  by  Natural  History  is  such  an  exceedingly  wide 
one,  that  candidates  are  advised  to  confine  their  studies  to  the  subjects 
enumerated  below,  and  to  master  these  as  thoroughly  as  possible.  And 
as  in  the  Natural  Sciences,  the  knowledge  which  is  obtainable  by  mere 
reading  is  of  very  little  value,  candidates  are  particularly  recommended 
to  study  nature  for  themselves,  and  to  become  personally  acquainted 
with  the  primary  facts  of  Biological  Science.  Thus  in  Physiology,  the 
fundamental  truths  relating  to  circulation,  muscular  contraction,  and 
nervous  action,  may  all  be  readily  exemplified  by  simple  experiments  upon 
the  common  frog ;  and  in  Systematic  Zoology  and  Botany,  the  careful 
study  of  the  structure  of  the  animal  and  vegetable  forms  enumerated 
under  the  head  of  "  types'*  will  furnish  a  better  conception  of  the  animal 
and  vegetable  worlds  than  any  amount  of  mere  reading.  Candidates  will 
therefore  be  expected  to  be  thoroughly  and  practically  acquainted  with 
the  fundamental  facts  of  Physiolosy,  and  in  Zoology,  with  all  the  most 
iniportant  and  distinctive  characteristics  of  such  or  these  tyiHcal  genera 
'  as  are  illustrated  by  British  species. 
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Subject  I.— Animal  Phjsiolos^, 

Candidates  should  have  carefully  studied  what  is  stated  upon  the 
subjects  enumerated  below  in  any  good  handbook  of  Physiology. 

The  general  properties  of  Imng  matter  in  respect  of  form,  struc- 
ture, and  dhemical  composition.  The  meaning  of  the  terms  organ, 
organization,  function,  development.  The  difference  between  high 
and  low  organization.    The  division  ofphysiological  labour. 

Why  the  living  organism  wastes.  The  differ^ice  between  vital 
and  putrefactive  decomposition.  The  conditions  and  ultimate  pro- 
ducts of  vital  decomposition.  The  living  body  considered  as  a 
machine  performing  a  certain  amount  of  work. 

Why  food  is  necessary.  The  difference  between  the  food  of 
plants  and  that  of  animals.  The  nature  of  the  substances  which 
constitute  the*  food  of  man.  The  proximate  chemical  composition 
of  milk,  flour,  meat,  butter,  potatoes,  oatmeal,  peas,  rioe,  tea,  coffee, 
beer,  wine,  and  spirits ;  and  the  distinction  or  the  proximate  ele- 
ments of  each  into  nutritious  and  innutritiooB. 

Why  digestion  is  necessary,  and  how  that  functioD  is  petfoimed 
in  the  human  organism.  The  structure  of  the  organs  by  which  the 
followin|(  substances  are  formed,  and  their  uses :  saliva^  gastric  juice, 
pancreatic  juice,  bile.  How  the  nutritious  products  of  digestion 
are  separated  from  the  excrementitious  residuum.  The  process  of 
absorption.  The  means  by  which  absorbed  matters  are  conveyed  to 
all  parts  of  the  organism.  The  structure  and  composition  of  human 
blood.    The  course  and  mechanism  of  the  circulation. 

Why  the  elimination  of  waste  products  is  necessary.  Excretion 
of  carbonic  acid.  The  mechanical  alid  physical  principles  involved 
in  the  performance  of  the  respiratory  process  in  man.  The  excretion 
of  urea  and  uric  acid.  The  structure  of  the  urinary  appanttus,  and 
the  mechanical  and  physical  principles  involved  in  its  action. '  The 
excretion  of  water  as  a  part  of  the  foregoing  processes;  and  as 
effected  by  the  skin.  The  structure  and  other  functions  of  the  skin. 
The  mutual  relations  of  the  three  great  excretory  appatatases.- 

The  conditions  and  sources  of  animal  heat.  The  circulatmry 
system  of  man  viewed  as  a  hot^water  warming  apparatus.  The  fuel 
of  the  animal  economy  and  its  sources. 

Animal  mechanics.  The  himian  body  as  a  locomotive  apparatus. 
The  structure  of  bones  and  joints.  The  structure  and  properties  of 
muscle. 

The  structure  and  functions  of  nervous  matter.  The  offices  of 
the  spinal  cord  and  brain.  The  nature  and  mode  of  action  of  the 
sensory  organs.  Reflex  action.  Habit,  as  acqnbed  reflef  action. 
Instinct.    Intellectual  and  emotional  operations. 

The  nature  of  death,  and  the  difference  between  general  and  local 
death. 

Local  death : — 1st,  as  a  part  of  life ;  e.g.  moulting,  shedding  of  skin 
and  teeth.    2nd,  as  opposed  to  life ;  e.g.  sloughing  and  mortiflcation. 

General  death : — 1st,  as  the  natural  conclusion  of  life.^  .  2nd,  as 
arising  from  disease  or  injury.  Usual  commencement  of  .4eath  in 
the  nervous  centres,  the  heart  or  the  lungs. 

Reparative  processes : — Ist.  Local,  as  exhibited  in  the  reproduction 
of  lost  parts,  nealing  of  wounds,  &c.  2nd.  General,  as  i^hbwn  in 
the  reproduction  of  the  individual  by  sexual  generation.  The  origin 
and  development  of  the  embryo.  The  nutrition  of  the  foetua  and  of 
the  infant.  Hereditary  transmission,  and  the  modification  of  phy- 
sical and  mental  characters  by  education,  as  the  basis  of 's  rational 
belief  in  the  possibility  of  human  progress.      ' '     •   '  -*  '     "' 
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Subject  ZZ.~9Soolog7. 

1.  Candidates  should  hare  carefally  mastered  the  definitions  of  the 

svMdngdomSy  classes^  and  orders  of  the  Animal  Kingdom.  They 
should  understand  and  he  able  to  explain  the  meaning  of  the*terms 
employed  in  such  definitions ;  and  they  should  he  able  to  refer  any 
specimens  that  may  be  placed  before  them  to  their  proper  classes, 

2.  Candidates  should  be  able  to  give  fait  answers  to  questions  relating 

to  any  or  all  of  the  following  subjects,  and  they  should  be  able  to 
identify,  refer  to  their  proper  orders,  and  if  called  upon  to  do  so, 
describe,  the  objects  enumerated  in  each  section  under  the  head  of 
"types."    In  almost  all  cases  these  "  types  "  are  British  animals. 

By  the  term  Natural  Hittory,  of  such  and  such  an  object,  is  meant 
such  an  account  of  it  as  is  to  lie  found  in  any  standard  modern  work  on 
Zoology. 

i.  The  structure  and  mode  of  multiplication  of  infusorial  animal- 
cules and  Foraminifera,  The  arguments  which  have  been  adduced 
for  and  against  spontaneous  generation.  The  luminosity  of  the 
sea,  and  the  nature  of  the  creatures  which  diiefly  cause  it.  The 
natural  history  of  the  sponge  of  commerce.  l^pes — Sponffia, 
VorticeUa, 

ii.  The  meaning  of  the  terms,  zoophyte,  coral,  coraUine.  Natural 
history  of  the  red  coral  of  commerce.  Common  coral  and  coral 
reefs.  What  such  reefs  are,  where  they  are  formed,  and  how  they 
grow.  Natural  history  of  the  common  freshwater  polype,  or  hydra, 
and  of  the  "  jelly  fishes,"  or  "  medusae "  of  the  sea.  A  sexual 
multiplication  as  exhibited  by  these  creatures.  Types — Hydra, 
SerttdariOy  Plumulariay  Actinia,  CoralUum,  Fungia,  OcuUna. 

iii.  Starfishes,  sea  urchins,  and  HolothuruB ;  their  structure  and 
habits,  and  the  metamorphoses  which  they  undergo.  Natural  and 
economioEil  history  of  Trepang.  T^pes —  Uraster,  Echinus, 
'  W.  Natural  history  of  the  earthworm  and  the  leech.-  Intestinal 
worms;  their  structure,  propagation,  and  mode  of  entrance  into 
animal  bodies.  Natural  nistory  of  the  Rotifera,  l^pes — Litmbri- 
cus,  Hirudo,  Distoma,  Tania,  Asearis, 

v.  Natural  history  of  Crustacea,  The  lobster  and  crayfish,  as 
exemplifying  morphological  and  teleological  laws.  The  process  of 
ecdysis.  Barnacles,  acorn  shells,  and  fish  lice,  as  cases  of  extreme 
metamorphosis.  The  water  flea  as  exemplifying  asexual  multipli- 
cation. Types — Cancer,  Homarus,  Astacus,  Oniscus,  Daphnia,  Cy- 
clops, Lepas,  Balanus,  Argulus. 

vL  Natural  history  of  spiders,  scorpions,  and  mites.  The  "  itch 
insect,"  centipedes,  and  millipedes.  Types — Tegenaria,  Scorpio, 
Scolopendra,  Juhts. . 

vii.  Insects ;  their  mode  of  breathing  as  contrasted  with  that  of 
spiders  and  crustaceans.  The  structure  of  their  wings,  and  the 
mechanism  of  flight.  The  parts  of  the  mouth  and  their  modifi- 
cations in  beetles,  bees,  butterflies,  bugs,  and  gnats.  Structure  of 
the  eyes.  Nature  of  stings,  saws,  and  ovipositors.  Natural  and 
economic  history  of  the  bUstering  beetle,  of  the  silk  moth,  of  the 
bee,  of  the  cocmneal  insect.  Natural  history  of  plant  lice,  of  bugs, 
fleas,  and  lice.  The  house  fly,  blow  fly,  and  gnat ;  wasps,  humble 
bee,  ichneumon  flies ;  "  black  beetles,"  crickets,  and  locusts.  The 
metamorphoses  of  insects.  T^pes — Melolontha,  Blatta,  Libellula, 
Phryganea,  Coccus,  Aphis,  Bombyx,  Apis,  Vespa,  Musca, 

viii.  The  characteristic  peculiarities  of  the  nervous,  circulatory, 
respiratory,  and  locomotive  organs  of  moUusks  in  general.  Orga- 
nization of  "sea  mat"  (Flustra),     Ascidians  and  "lamp  shells" 
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{Terebratula).  Natural  history  of  fresh-water  and  marine  mussels. 
Nature  of  mother  of  pearl.  Formation  of  pearls.  Pearl  fishery. 
Natural  and  economical  history  of  the  oyst«r.  Organization  of  snails 
and  slugs,  periwinkles,  limpets,  whelks.  Development  of  the  young 
of  the  latter.  Nidamental  capsules.  Cuttlefishes  and.  squids. 
Paper  nautilus.  Pearly  nautilus.  The  shipworm  and  Pholas. 
Mechanism  by  which  mollusks  bore.  Types — Flustra,  Ascidia, 
Terebratula,  IJnio,  Mytilus,  Ostrea,  Pecten,  Heliw,  Patella,  Littimna, 
Buccifmm,  Chiton,  Sepia,  Loligo,  Argonaut  a,  Nautilus. 

ix.  Circulatory,  respiratory,  and  reproductive  organs  of  fishes. 
Their  dentition.  Natural  and  economical  history  of  the  lamprey, 
sprat,  sardine,  herring,  pilchard,  salmon,  trout,  eel,  cod,  hadaock, 
sole,  flounder,  turbot,  mackerel,  tunny,  sturgeon,  skate,  ray,  dog 
fish,  shark.  ElectricaJ  fishes.  Fishes  which  are  capable  of  living 
in  air.  Pisciculture,  or  the  artificial  breeding  of  fisnes.  Types — 
Amphioanu,  Petromyzon,  Syngnathus,  Cyprinus,  ^Perca,  Accipenser, 
Lepidasteus,  Raia,  Spinax. 

X.  Natural  history  of  salamanders,  newts,  frogs,  and  toads. 
Metamorphoses  undergone  by  their  young.  Types — Salamandra, 
Triton,  Rana. 

xi.  Circulatory  and  respiratory  organs  of  reptiles  as  distingruished 
from  those  of  fishes  ana  ampmbia.  Natural  history  of  snakes, 
lizards,  crocodiles,  turtles,  and  tortoises.  Tortoise-shell.  Shedding 
of  the  skin  in  reptiles.  Types — Coluber,  Pelias,  Anguis,  Lacerla, 
CrocodUus,  Testudo,  Chelone. 

xii.  Organs  of  locomotion,  respiration,  voice,  circulation,  and  re- 
production of  birds.  Structure  and  mode  of  growth  of  feathers. 
Development  of  the  fowl's  egg.  Artificial  hatching.  Migration, 
and  instincts  of  birds.  Natural  history  of  domestic  birds ;  of  the 
ostrich,  the  apteryx,  the  penguin,  and  the  dodo.  Types — Falco, 
Corvus,  Columba,  Picus,  Phasianus,  Ardea,  Struthio,  Anser. 

xiii.  Organs  of  respiaration,  circulation,  and  reproduction  of 
mammals.  Production  and  nutrition  of  their  young.  Placental 
and  implacental  mammals.  Nature  of  milk  and  of  the  lacteal 
glands.  Peculiarities  in  the  dentition  of  mammals.  Natural  and 
economic  history  of  the  domestic  mammals ;  of  the  ivory  and  fur 
yielding  mammals;  of  seals;  of  whiales.  The  hybernation  and 
migration  of  mammals.  Characters  of  the  orders  of  mammals. 
Types — Cercopithecus,  Vespertilio,  Erinaceus,  Lepus,  Elephas,  Sus, 
Cersus,  Bos,  Ovis,  Felis,  Phoca,  Phocana,  Dasypus,  HcUmaturus, 
Omithorhynchus. 

xiv.  The  distinctive  peculiarities  of  man.  The  characters  of  the 
principal  races  of  mankind,  and  their  geographical  distribution. 
Text-books  for  Phvsiology. — Carpenter's  Animal  Physiology,  Bohn,  1859 ; 
Dr.  Kirke's  Manual:  Andrew  Combe'ia  Physiology  applied  to  Health 
and  Education,  For  Zoology. — Dallas's  Natural  History  of  Animals  ; 
Orr's  Circle  of  the  Sciences;  Gosse's  Manual  of  Marine  Zoology; 
Professor  Green's  Manual  of  the  Protozoa, 
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aROVF   VZI. 

•  Botany. 
This  group  is  taken  under  two  subjects. 

Sabject  Z. — Veiretable  Phjrftioloirj  abA  Beonomie  aoUuijr. 

In  this  department  the  candidate  will  be  expected  to  answer  correctly 
questions  on  the  following  points : — 

1.  The  properties  of  the  principal  elements  entering  into  the  composition 
of  plants.  Carbon,  oxygen,  hydrogen,  nitrogen,  sulphur,  phos- 
phorus, chlorine,  iodine,  silicon,  potassium,  sodium,  calcmm,  iron. 

2.  The  composition  and  properties  of  the  compounds  forming  the 
principal  part  of  the  structure  of  plants.  Cellulose,  starch,  dextrine, 
sugar,  fixed  oil,  gluten,  albumen,  caseine.  The  saline  comjtounds 
forming  the  ashes  of  plants. 

3.  The  composition  and  properties  of  peculiar  vegetable  products.  Vo- 
latile oils.  Acids.  Colouring  matters.  Alkaloids.  Neutral  principles. 
Chlorophyll. 

4.  The  origin  and  growth  of  the  vegetable  cell.    The  tissues  of  plants. 

Cellular  tissue.     Intercellular   organs.      Epidermal  tissue.      Hairs. 
Stomates.     Vascular  tissue.    Woody  tissue. 

5.  The  structure  and  functions  of  the  organs  of  plants.  The  root. 
Spongioles.  Absorption  and  excretion.  Nature  of  vegetable  food. 
The  stem.  Structure  of  Exogenous,  Endogenous,  and  Acrogenous 
stems.  The  leaf.  The  forms  of  leaves.  Exhalation.  Stipules  and 
bracts.  The  flower.  Calvcine,  Corollal,  Staminal,  and  Carpellary 
leaves.  Development  and  nature  of  pollen.  Ovules  or  seed  buds. 
Vegetable  impregnation.  Embryo.  Seed.  Fruits;  their  nature 
and  forms.  The  nature  of  the  reproductive  organs  in  flowerless 
plants. 

6.  The  composition  and  nature  of  vegetable  substances  used  by  man 
as  food.  Distinctions  between  heat- giving  and  flesh-forming  foods. 
Structure  and  geographical  distribution  of  plants  yielding  starch, 

*  sugar,  oil,  gluten,  albumen,  and  legumin. 

7.  Properties  of  vegetable  substances  used  in  the  arts  and  manufactures. 
Vegetable  secretions  used  as  dyes. — Indigo,  madder,  logwood,  red 
Sanders  wood,  quercitron,  alkanet,  arnotto,  gall-nuts,  myrobolans. 

8.  Materials  used  in  the  manufeusture  of  textile  fabrics. — Cotton,  flax, 
hemp,  coco-nut,  jute.  New  Zealand  flax. 

9.  Principal  forms  of  timber  trees,  and  their  uses. — Oak,  mahogany, 
teak,  pine,  &c. 

10.  Nature  of  tanning  principles  and  plants  yielding  tannic  acid. — Oak- 
bark,  valonia,  catechu,  kino,  divi-divi,  betel-nut. 

11.  Gums,  oils,  and  resins  used  in  arts.— Gum  arable,  benzoin,  rosin, 
turpentine,  camphor,  essential  oils,  coco-nut  oil,  palm  oil,  other 
fixed  oils,  caoutcnouc,  gutta  pertsha. 

12.  Substances  obtained  ^m  the  vegetable  kingdom  and  used  as  medi- 
cines.— Opium,  quinine,  tobacco,  jalap,  scammony,  gentian,  aloes, 
rhubarb,  senna,  ipecacuanha,  sarsaparilla,  castor-oU,  assafoetida, 
myrrh,  nux  vomica,  hemlock. 

Text-books  for  Vegetable  Physiology  and  Economic  Botany. — Henfrey's 
Elementary  Course  of  Botany  ;  Van  Voorst.  Carpenter's  Vegetable 
Physiology,  edited  by  Dr.  Lankester;  Bohn.  Schleiden's  Prin^ 
ciples  of  Scientific  Botany  ;  Bohn.  A  Manual  of  Structural  Botany 
by  M.  C.  Cooke.  Archer's  Popular  Economic  Botany ;  Reeve  and 
C!o.  lindley's  Medical  and  (Economical  Botany;  Bradbury  and  Evans. 
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Subject  SZ. — Sjrfttematle  BoUuijr. 

In  this  department  the  candidate  will  be  expected  to  demonstrate  the 
structure  of  plants  from  living  spedmens. 

1.  The  distinctions  between  the  three  great  classes  of  plants.  Dice- 
tyledons.  Monocotyledons,  and  Acotyledons.  Also  of  the  group* 
Uymnosperms,  Rhizanths,  Dictyogens,  Acrogens,  and  Thallogens. 

2.  The  characters  of  the  following  orders  of  British  plants  should  be 
mastered,  and  the  typical  genera  reoognixed,  and  their  atrticture 
understood. 

3.  AlgiB.    The  natural  history  and  uses  of  sea-weeds.    The  microscopic 

structure  of  diatoms  and  desmids.  Nature  of  the  reproductive 
organs  in  this  order.  Types — Navicula,  Desmidium,  Conferva,  Fucus, 
Ceramium. 

4.  Lichens.  The  natural  history  and  uses  of  lichens.  Structure  of  their 
reproductive  organs.    Types — Graphis,  Collema,  Parmelia. 

5.  Fungi.  The  natural  history  of  mushrooms,  puff-balls,  moulds,  blights, 
and  toadstools.  Their  uses  in  nature.  Types — Agarieus,  Bovisla, 
Torula,  Aspergillus^  Morchella,  Mucor. 

C.  Mosses.  The  nature  of  their  reproductive  organs.  Types  —Br^um, 
Sphagnum,  Funaria. 

7.  Ferns.  Nature  of  their  rhizomes.  Herbaceous  and  tree  ferns. 
History  of  Development,  and  nature  of  reproductive  organs.  Types 
— Polypodium,  Hymenophyllum,  Osmunda. 

8.  GraminacetB.  The  history  of  grasses  and  their  uses.  Nature  of  the 
flower  in  this  order.  Useful  plants  of  the  order.  Types — Phleum, 
Hydrochloa,  Panicum,  Agrostis,  Arundo,  Spartina,  Avena,  Festuca, 
Hordeum,  Triticum,  Secale,  Nardus,  Anatherum. 

9.  CyperacetB.     Sedges.    Types — Qarex,  Scirpus. 

10.  lAliacetB.     The  lily  tribe,  its  useful  properties.      Types — ISilipa, 

Omithogalum,  Muscari. 

1 1 .  AmaryllidacetB.  The  family  of  the  narcissus,  snow-drop,  snow-flake. 
Types — Narcissus,  Galanthus. 

12.  OrchidacetB.  The  orchis  family.  Structure  of  reproductive  organs. 
Types — Orchis^  Goodyera,  Malaxis,  Cypripedium. 

13.  Amentaceee.  The  fainily  of  the  hazel,  chestnut,  oak,  wiUow,  birch, 
beech,  poplar,  and  hornbeam.  The  uses  of  these  plants  ts  timber, 
&c.  Types — Quercus,  Corylus,  Fagus,  Casfanea,  Betula,  Myricif, 
Salix,  Populus. 

14.  Urticacea.  The  nettle  and  hop  tribe.  Its  relations  to  Moracea, 
Artocarpacee,  Cannabinaceie,  and  Ulmacete.  The  nature  of  the 
stings  of  Urtica,  and  the  bitter  principle  of  the  hop.  Types^— l/r^»cfl, 
Parietaria,  Humulus. 

15.  Euphorbidcea.    The  spurge  family.     Foreign  forms  and  their  uses. 

Croton,  Cascarilla,  Ricinus,  Janipha.    Apetalous  and  Polypdtalous 
forms.    Types — Euphorbia,  Buxus. 
\G.  Polygonacea.     The  buckwheat  and  rhubarb  tribe.     Ty^pes— Poly- 
gonum, Rumfix. 

17.  PrimulacetB,    The  primrose  family.    Theory  of  the  peculiar  position 

of  stamens.    Typ^s — Primula,  Lysimachia, 

18.  LabiatiB.    The  dead  nettle  tribe.     Peculiar  properties  of  tEis  order. 

Types — Mentha,  Salvia,  Thymus,  Nepeta,  Lamium,  Teucrium. 

19.  ScrophulariacecB.  The  scrophularia  tribe.  Nature  of  the  poisonous 
properties  of  the  order.  Types — Scrophularia,  Digitalis,  Verbascum, 
Euphrasia,  Veronica,  Melampyrum, 

20.  Boraginace€B.  The  borage  tribe.  Peculiarities  of'  their  epidermis. 
Useftil  species.  Types — Cynoglossum,  Boragp,  Echium,  Myosoiis 
Lithospermum. 

21.  Solanaceee,    The  tribe  of  deadly  nightsha^e^  henbane,  tobacco,  and 
potato.    Usefiil  and  poisonous  species.    Types-— jS^o^onttmr^llffq^ 
Hyoscyamus,  Datura,  (^  r-ir^r^T^ 
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/Ilw  healii  tribe.  Its  dtatinetion  from  Epaeridacete, 
Types — Erica,  Arbutus,  Vaeemum,  Pfrola,  Mouotropa. 

23;  Ctmipogiti.  The  composiie  fiunily.  The  number  of  species  and 
ipreogmpfaical' distribution.  Structure  of  the  sub-orders  Asteracee, 
lOiakoraeei^,  and  Cj^naracete,  IVpes — Tusnlago,  Aster,  Inula,  Gna- 
phaUum,  Beilis,  Artemisia,  Achillea,  Carlina,  Carduus,  Cichorium, 
Leontodon,  Lactuca,  Crepis, 

2^,^SteUatm.  The  Stellate  tribe.  Its  relation  to  Cinchonacete  and 
CaprifoUacec,  The  properties  and  useful  plants  of  Cinchonaceae. 
Type^-*-Ga/t«my  Rubia. 

25.  UnAeUifenB,  Umbel  bearing  plants.  Character  of  inflorescence 
and  flowers.  Nature  of  fruit.  Structure  of  cremocarp.  Proper- 
ties <^  the  order.  Types — Hydrocotyle,  Sanicula,  Eryngium,  Apium, 
Sium,  jBthusa,  CEnimthe,  Crithmum,  Angelica,  Pastinaca,  Daucus, 
Torilis,  Scandix^  Conium,  Coriandrum, 

26.  Cucmbitaoea,  Melon,  cucumber,  and  gourd  family.  Useful  plants 
of  this  order.    Type — Bryonia. 

27.  Rosacea.  The  rose,  apple,  cherry,  and  plum  tribe.  Fonns  of  the 
ttvaiL  The  useful  plants  of  this  order.  Types — Prunus,  Spiraa, 
Fragaria,  Rubus,  Geum,  Rosa,  Crateeffus,  Pyrus. 

28.  heguminosm.  The  bean,  pea,  and  clover  family.  Principal  divisions 
of  the  family.  Structure  of  the  flowers  and  fruits.  Useful 
plants -of  the  order.  Types — Ulex,  Trifolium,  Vicia,  Astragalus, 
Omithopus, 

29.  Crucifene.  Cabbage,  turnip,  and  mustard  tribe.  Structure  of  the 
flowers  and  fruits.  Useful  plants  of  the  order.  Properties.  Tjrpes — 
Nasturtium,  Alliaria,  Brassiea,  Siuapis,  Armoracia,  Iberis,  tsatis, 
Crambe,  Cakile. 

30.  Papmemcem,  The  poppy  tribe.  Propo^ties  and  mode  of  collecting 
opium.     Nature  of  fruit.    Types — Papaver,  Qkmcium,  CheUdonium. 

31.  RanuneuUcem,  The  crow-foot  tribe.  Structure  of  abnormal 
genera ;  Ac<ynitvm,  Aquilegia,  and  Delphinium.  Nature  of  poison  in 
order.     Types — Ranunculus,  Clematis,  HeUeborus,  PoBonia,  Anemone. 

Tejdrbooks  for  Systematic  Botany. — Lindley's  Vegetable  Kingdom,  For 
British  Botany. — Bentham's  Handbook  of  the  British  Flora,  or 
Babington's  Manual  of  British  Botany, 


aRovp  vxxi. 

Mining  and  Metallurgy. 
This  group  is  taken  under  two  subjects. 

Subject  Z.— Mining:. 
The  Art  of  Mining  embraces  so  wide  a  field  of  study  that  equal  prac- 
tical proficiency  in  its  various  branches  is  not  to  be  expected ;  hut  those 
who  wish  to  gain  a  general  knowledge  of  it  may  be  recommended  to 
direct  their  attention  to  the  subjoined  heads,  viz. : 

1.  Geology  and  Mineralogy,  more  particularly  those  portions  of  the 
sciences  wjuch  bear  on  the  foUowing  subjects, — the  nature  and  position 
in  the  earth's  crust  of  the  useful  minerals,  the  classes  of  rock  with 
which  they  are  severally  associated,  the  special  character  of  heaves, 
throws,  troubles,  and  all  kinds  of  dislocation ;  the  particular  differences 
between  beds  and  lodes,  and  their  minerals,  and  the  chief  features  of 
irregular  repositories. 

2.  The  methods  of  prospecting  and  searching  at  surface  for  ores  and 
other  minerals. 

3.  Breaking,  of  ground ;  the  various  implements  employed,  their  form, 
dimensions^,  and  weight ;  boring  for  shots ;  the  various  modes  of  firing 
charges.     Heavy  charges,  how  calculated  and  fired ;  rules  for  ei\suring 
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4.  Deep  borinfy  under  what  circumstanoeB  applicable, — apparatuB  ibr ; 

description  of  varieties  in  use ;,  lining  of  bore-holes. 

5.  Management  and  supervision ;  payment  of  men  employed  at  mines* 
at  surfiice  and  underground,  varying  in  principle  with  the  different 
classes  of  operation ;  reasons  for  tut-work  or  piece-work,  and  tribute  or 
bing-tale  under  different  circumstances.  Cidculations  for  cost  of  driving, 
sinking,  tramming,  &c. 

6.  Fnysical  principles  of  ventilation ;  practice  of  mines  where  simple 
natural  ventilation  is  employed ;  ventihition  of  large  areas  and  of  deep 
or  complicated  workings  by  guiding  the  natural  current;  artificial 
means,  and  their  details,  for  promoting  ventilation.  Precautions  to  be 
taken  under  specially  dangerous  conditions. 

7.  Illumination,  of  various  kinds,  their  economy ;  safety  lamps  in  all 
their  best  modifications;  circumstances  under  which  they  should  be 
employed ;  precautions  in  their  use. 

8.  Mechanical  division  of  the  subject.  Strength  of  materials  used  in 
mines ;  human  and  horse  power,  principles  and  construction  of  machines 
to  which  they  are  applied.  Hydraulic  machines ;  construction  of  the 
water-wheels,  turbines,  and  pressure  engines  most  suitable  to  the  various 
operations  of  mining.  Steam  engn'nes,  for  pumping  and  for  winding ; 
arrangement  and  construction  of  the  varieties  most  in  use.  Form  and 
dimensions  of  boilers.  Pumps  employed  in  mines,  mode  of  placing 
them ;  construction  of  the  li^ ;  materials  and  details  of  the  rods,  set- 
offs, counterbalances,  cisterns,  and  catches.  Circumstances  under  which 
dams  are  erected  in  shafts  or  levels ;  mode  of  building  them. 

Tubbing  of  water  from  shafts;  conditions  under  which  it  may  be 
done;  details  of  the  operation  with  various  materials,  wood,  brick,  stone, 
cast  and  wrought  iron. 

Rails,  waggons,  and  tubs  for  underground  conveyance ;  employment 
of  horses  and  of  fixed  steam  engines  for  this  purpose. 

Raising  of  the  mineral  through  the  shafts ;  various  methods  in  use ; 
chains,  ropes  (of  hemp  or  wire),  their  weight,  &c.  Details  of  the  best 
application  of  drums,  cages,  guides,  keeps,  and  safety  doors.  Pulleys 
and  shaft  frames  or  poppet  Heads ;  protection  against  over-winding ; 
safety  clutches,  &c.  in  case  of  breakage  of  rope. 

9.  Opening  of  ground ;  quarries  and  open  work ;  driving  of  levels, 
various  dimensions  and  directions  according  to  circumstances ;  sinking 
of  shafts,  inclined  or  perpendicular;  advantages  of  either  kind  under 
certain  conditions ;  means  of  securing  levels  and  shafts  by  timber  or  by 
walling ;  details  of  the  various  methods.  Driving  or  sinking  in  heavy 
or  running  ground. 

10.  Working  excavations;  plan  of  laying  them  out,  and  means  of 
security  to  be  adopted  whilst  they  are  kept  open.  This  will  include  the 
stoping  of  metalliferous  veins,  and  the  various  modifications  of  post  and 
staU,  long-work,  &c.,  which  are  applied  to  stratified  deposits. 

11.  Travelling  in  shafts;  prevention  of  accidents  by  proper  fitting  and 
divi^ng ;  mode  of  placing  ladders  and  soUars ;  lifting  machine  for  men, 
construction  and  advantages  of. 

12.  Dressing  of  minerals.  Arrangement  of  dressing  floors.  Con- 
struction of  crusher  and  stamps;  washing  of  coal;  jigging,  concen- 
tration, and  separation  of  metallic  minerals. 

The  student  may  be  advised  among  other  sources  of  information  to 
consult  the  following  works  : — 

De  la  Beche's  Report  on  Cornwall  and  Devon.  Greenwell's  Treatise 
on  Mine-Engineering.  Dunn  on  the  Winning  and  Working  of  Cof^ 
lieries.  Hedley  on  Colliery  Working  and  Ventilation,  Evidence 
before  Committees  of  the  Houses  of  Lords  and  Commons  on  Acci- 
dents in  Mines.  Reports  of  H.M.  Inspectors  of  Coal  Mines. 
IVansactions  of  the  Northern  Institute  of  Mining  Engineers. 
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Subject  XZ.*-BietaIlnr|7, 
X.  XntrodvetloB. 

On  certain  physical  properties  of  metals.  Action  of  heat,  specific 
f(nmty,  crystidlization,  iraotnre,  malleability,  ductility,  tenacity,  con- 
ductivity of  heat  and  electricity,  opacity,  lustre,  colour.  General  con- 
siderations on  metallurgical  processes.  Modes  of  occurrence  of  metab 
ia  nature,  ores,  reduction,  smelting,  roasting,  liquation,  slags. 

IX.  TuMm 

General  renuirks,  calorific  power,  calorific  intensity,  classification  of 
fiiels,  wood,  peat,  lignite,  coal,  charcoal,  coke,  gaseous  fuel  and  gas 
fnmaoes,  charcoal  burning,  coke  burning,  typical  varieties  of  coke  ovens, 
comparison  of  fuels  with  respect  to  ^orific  power.  This  important 
branch  of  the  subject  is  treated  with  much  detail. 

XXZ.  BoftaMtory  materials  em^lojred  ia  tbe  oonetmotloii  of 
Itamaoeav  orooiblesfl  Ao. 

Fire-clays  British  and  foreign,  crucibles  of  various  kinds,  nlumbago 
and  its  application  to  crucibles,  manufacture  of  crucibles,  nre-bricks, 
silica  and  its  applications,  Dinas  fire-bricks,  sand  and  sandstones. 

XV.   Speelal  KetaUvrnr. 

Copper, — Com{>ounds  of  special  importance  in  the  metallurgy  of  this 
metal  fully  described,  such  as  the  disulphide,  oxides,  &c.,  ores  of  cop- 
per, copper-smelting  in  reverberatory  and  blast  furnaces,  reactions 
occurring  in  the  process,  kernel-roasting,  'wet'  methods,  of  extracting 
copper  from  its  ores,  assaying  of  copper  ores  by '  dry '  and  '  wet '  methods, 
ship  sheathing. 

Zinc. — In  describing  the  metallurgv  of  zinc  and  the  following  metals, 
the  same  plan  will  be  followed  as  in  aescribing  the  metallurgy  of  copper, 
that  is  to  say,  the  compounds  of  special  metallurgical  importance  will  be 
first  considered  in  detail,  as  well  as  the  reactions  upon  which  the  various 
processes  of  smelting  essentially  depend,  and  the  construction  of  the 
Tumaoes  will  be  fully  explained.  Ores  of  zinc,  English,  Belgian,  Silesian, 
and  Carinthian  methoas  of  extraction,  assaying  of  zinc  ores  brass,  its 
history,  properties  and  manufacture. 

Lead. — Ores  of  lead,  lead  smelting  in  the  '  ore-hearth,'  low  blast  and 
reverberatory  furnaces,  lead-fume  and  various  methods  adopted  for  its 
condouation,  assaying  of  lead  ores. 

Silver. — Ores  of  silver ;  smelting  of  silver  ores  with  lead ;  cupellation  ; 
desilverization  of  lead  by  Pattinson^s  process,  also  by  that  of  Parkes ; 
treatment  of  argentiferous  copper  by  liquation ;  extraction  of  silver ; 
amalgamation,  the  old  Freiberg  method  and  the  Mexican ;  Ziervogeland 
Augustin's  '  wet '  methods ;  treatment  of  argentiferous  copper-regulus ; 
alloys  of  silver  and  copper;  standard  silver ;  assaying  of  silver  ores  and 
alloys. 

Gold. — Modes  of  occurrence  of  gold  in  nature ;  extraction  by  amalga- 
mation and  by  smelting  with  lead ;  chlorine-water  as  a  solvent  for  the 
extraction  of  gold  from  certain  ores ;  separation  of  gold  ftrom  silver  or 
parting  by  nitric  and  by  sulphuric  acids ;  allovs  of  gold  with  the 
prece&ig  metals;  standard  alloys;  assaying  of  auriferous  ores  and 
aUoys. 
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Meramf.-''''Ottt  of  macmy;  extndioii  in  tlie  Ahmilfn,  Idmn,  and 
HiliiicrlnrnaeM;inieU»rtim«itfnirtnrewitfaicduq^  asnying 

of  tlie  ofet  of  mercaiy. 

AmUmomf. — Ores  of  aniimonj  ;  liquation  of  tlie  native  solpliide  and  its 
rabaeqnent  redaction  bf  iron  or  oUier  agents ;  alloys  of  antimony^  type 
metat  &c. ;  aaaaying  of  the  ores  of  aalunony. 

Bitmrntk. — Mode  of  oocaxicDoe  in  nature;  its  eztiadion  firom  ores 
containing  it  by  liquation ;  alloys  of  bismatli. 

Nickel. — Ores  dP  Nickel;  modes  of  extraction,  geneially  by  a  com- 
bination of '  dfy '  and 'wet'  processes;  alloys  of  nidcd,  eapedally  those 
known  as  German  silver ;  assaying  of  nicketiferoas  ores  and  alloys. 

Cobalt, — Ores  of  cobalt ;  smelting  and  preparation  of  zaffie  and 
cobalt  colours,  smalts,  &c.;   separation  of  niekd;    assaying  of  cobalt 


Aneme. — ^Mode of  occoirence  in  nature;  arsenious  add  or  *  glass '  of 
arsenic,  genendly  obtained  as  a  secondary  product  in  the  treatment  of 
certain  other  ores,  such  as  timse  of  nidtel,  cobalt,  &c.;  modes  of  con- 
densation of  arsenical  fumes ;  prqniatiims  of  arsenical  'glass,' 

Tin. — Ores  of  tin ;  smelting  in  reveiberatoiy  and  blast  fdmaoes ;  tin 
refining ;  varieties  of  tin  in  commerce;  alloys  of  tin,  with  the  preceding 
metals,  bronze,  gun-metal,  bell-metid,  &c. ;  assayixig  of  tan-ores. 

Irom. — Malleu»le  iron ;  steel ;  pig-iron ;  ores  of  iron,  direct  extraction 
of  iron  in  the  malleable  state  firam  the  ore ;  smelting  of  iron  in  tiie 
modem-blast  furnace;  constiruction  of  blast-furnaces  and  blowing 
machines ;  economic  application  of  the  waste  gases ;  conversion  of  pig  into 
bar  iron  in  open  heartns  and  in  the  reverberatory  furnace ;  manufiEu;ture 
of  steel  by  various  metliods.  This  department  of  the  subject  will  be 
treated  at  considerable  length. 

Various  Metals, — Platinum  and  its  associated  metals;  cadnuum; 
sodium;  aluminium;  tungsten;  titanium;  manganese. 
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SCIENCE  AND  ART  DEPARTMENT. 

COMMITTEE  OF  COUNCIL  ON  EDUCATION. 

Cromwzll  Road,  South  Kknsington. 

Lord  Preddenti  The  Right  Hon.  the  Earl  GiANyiLLZ,  K.G. 

P^ice-President  oftht  Cowanvttu  of  Council  on  Education^  The  Right  Hon. 

H.  A.  Bruce,  M.P. 


List  or  Officers  of  trk  Science  and  Art  Department. 

Office  hours  zo  till  4. 

General  Administration. 

Secraary, — Henry  Cole,  C.B. 

jlssutant  Secntary, — Norman  MacLeod.     Chief  Cltrk.^-E,  Stanley  Poole. 

First  dm  Clerks-^G,  F.  Duncombe,  G.  C.  T.  Hartley,  S.»  Hi.  z  &  2 ;  iv.  i ;   v.  i  j 

yi.  I ;   A.  2nd  grade ;   J.  B.  Rundell. 

Second-class  Clerks. — Percival  B.  B.  Peile,  S.  iii.  2  j   A.  H.  Gasparini ;  T.  Hickson,  A. 

and  grade ;  £.  P.  Bartlett  j  C.  A.  Pierce,  A.  2nd  grade ;  A.  S.  Cole,  A.  2nd  grade. 

Provisional  Clerks, — ^E.  Belshaw,  A.  2nd  grade,  W.  Burtt,  G.  Millard. 

Assistant  Oerks.-^W.  H.  F.  Stratton,  C.  Comyns.  C.  G.  gulnton, 

Accountant. — A.  L.  Simkins. 

Book-keeper. — H.  W.  Williams.     Assistant, '^T.  A.  Bowler. 

Storekeefery — ^W.  G.  Groser.     Deputy, — ^H.  Lloyd. 

Science  Division. 
htspeetorfor  Seience.-^J.  F.  D.  Donnelly,  Capt.  R.E. 
Occasional  Inspectors. — 
(Science)  J.  F.  Iselin  M.A  j    F.  J.  Sidney,  LL.D.      (Navigation}  Captain 
Harris,  £.LS. 
Professional  Examiners  for  Science. — Prof.  T.  Bradley ;    Rev.  B.  M.  Cowie,  B.D.  j 
Dr.  Frankland  F.R.S.  j   T.  H.  Huxley,  F.R.S.  j   Dr.  Kinkel,  Ph.D.,  F.R.G.S. 
J.  Percy,  M.D.,  F.R.S.J  A.  C.  Ramsay,  F.R.S.  5  W.  W.  Smyth,  M.A.,  F.R.S.J 
T.  Thomson,  M.D.,  F.R.S.J  J.  Tyndall,  F.R.S.  5   Rev.  Joseph  Woolley,  LL.D. 

Art  Division. 

Inspector-General  for  Art.  — Richard  Redgrave,  R.Af 

Inspectors  for  Art.—H.  A.  Bowler,  R.  G.  Wylde,  A.  3rd. 

Occasional  Inspectors  for  Art. — Eyre  Crowe,  S.A.  Hart,  R. A. 

Professional  Examiners  for  Art. — Sir  Charles  L.  Eastlake,  P.R.A.,  F.R.S.  j 

Daniel  N.  Maclisc,  R.A.  5  J.  C.  Horsley,  R. A.  j  Richard  Redgrave,  R.A. 


South  Kensington  Museum. 

General  Superintendant. — Henry  Cole,  C.B. 

Deputy  General  Superintendant. — E.  R.  Fcsting,  Captain,  R.E. 

Engineer  and  Architect y  Francis  Fowke,  Captain,  R.E. 

Decorative  ./frr»f.— Godfrey  Sykes. 

Science  Referee  for  the  Museum. — Francis  Fowke,  Captain  R.E. 

Art  Referees  for  the  Museum. — ^Richard  Redgrave,  R.A.,  J.  C.  Robinson,  F.S.A. 

Snperintendants  of  Museum  Collections. — R.  A.  Thompson  j  P.  C.  Owen  ;  J.  H.  Pollen, 

M.  A.,  late  Fellow  of  Mcrton  College,  Oxford. 
Division  K«pers  of  Museum  Collections. — G.  Wallis;  R.  H.  Soden  Smith,  M.  A.,  Trinity 

College,  Dublin,  F.S.A.  j   W.  Matchwick  j  H.  Sandham  5   R.  Laskey. 
Asastant  Keeper  of  Museum  Collections. — C.  B.  Worsnop. 
Provisional  Assistant  Keepers. — C.  C.  Black,  M.A.,  Trinity  College,  Cambridge; 

R.  F.  Sketchley,  B.A.,  Exeter  College,  Oxford  ;  H.  E.  Acton  5   J.  W.Appell, 
Ph.D.  J  J.  C.  Buckmaster,  F.C.S.j  A.  C.  King,       - 
Clerk  of  Csllections. — D.  Craven, 

Provisional  Clerks. — ^H.  Vernon ;   A.  Masson  5   F.  Coles,  S.*  iv.   I  &  2  5  F.  Groser, 

A.  2nd  grade  ;  W.  G.  Johnson. 

Official  Photographer.-— Q.  Thurston  Thompson. 

Hon,  Surgeon. — F.  Seymour  Haden,  F.R.C.S. 

Royal  School  of  Naval  Architecture  and  Marine  Engineering. 

Inspector-General  and  Director  of  Studies. — Reverend  Joseph  Woolley,  LL.D. 

PrinapaL—H,  J.  Purkiss,  B.A.,  Scholar,  Trinity  College,  Cambridge. 

yice  Pri»«/itf/.— Henry  Martyn  Taylor,  B.A.,  Scholar,  Trinity  College,  Cambridge, 

Instructor  in  Naval  Drawing. —  W.  B.  Baskcomb. 

Instructor  in  Engineering  Drawing, — ^John  Maxton.  -^  j 

•  The  lettera  8  and  A  refer  to  the  Science  and  Art  Certificates  talfta?^^^  l^ 
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Summary  of  the  Nature  and  Amount  of  Assistance 
afforded  by  the  Science  and  Art  Department  to 
the  Industrial  Classes  in  procuring  Instruction 
in  Science. 


[^Important  Alterations  made  sinc$  the  last  edition  of  the  Directory  are 
printed  in  /to/tc«.] 

I.  A  sum  of  mone;^  is  voted  annually  by  Parliament 
for  scientific  instruction  in  the  United  Kingdom. 

II.  This  sum  is  administered  by  the  Science  and 
Art  Department. 

III.  The  head  of  the  Education  Department  of 
which  the  Science  and  Art  Department  is  a  branch 
is  the  Lord  President  of  the  Council,  assisted  by  a 
member  of  the  Privy  Council,  who  is  called  the  Vice- 
President  of  the  Committee  on  Education,  and  who 
acts  under  the  direction  of  the  Lord  President,  and 
for  him  in  his  absence.  (Order  in  Council,  25th 
February  1856,  Act  19  &  20  Vict.  c.  116.) 

IV.  The  object  of  the  grant  is  to  promote  instruc- 
tion in  Science  especialrji^  among  the  industrial 
classes,*  by  affording  a  limited  and  partial  aid  or 
stimulus  towards  the  founding  and  maintenance  of 
Science  schools  and  classes.f 

V.  The  payment  offees  by  the  students  ^^*^*^^ 
can  be  looked  upon  as  the  only  solid  and  s^ento. 
sufficient  basis  on  which  a  self-supporting 

system  can  be  established  and  supported.  Though 
my  Lords  do  not  consider  it  necessary  at  present  to 
lay  down  any  rules  making  the  payment  of  fees  an 
absolute  condition  of  the  grants  on  account  of  Science 

*  Direct  payments  are  made  to  teachers  only  on  behalf  of 
adult  artisansy  or  the  children  of  artisans,  or  the  children  of 
persons  who  are  not  assessed  to  the  income  tax,  or  who  do  not 
possess  an  income  of  100/,  a  year.    (See  §  xiii.) 

t  The  amount  is  liable  to  be  decreased  and  eventually  with- 
drawn. Payments  to  teachers  therefore  must  not  be  looked  upon 
as  perpetual,  or  in  any  way  conferring  on  the  teacher  a  claim  to 
any  payments  beyond  those  offered  for  each  current  year. 
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instruction,  yet  as  the  payments  from  the  State  must 
be  expected  to  diminish,  and  as  aid  on  accoimt  of 
those  persons  who  do  nothing  for  themselves  cannot 
be  justified,  Committees  of  schools  and  classes,  and 
Teachers,  are  strongly  urged  (should  it  at  present 
not  be  the  practice)  at  once  to  impose  as  high  a  scale 
of  fees  as  they  considei*  can  be  raised  not  only  on 
middle  class  students  but  also  on  artisans. 

VI.  The  following  are  the  Sciences  towards  in- 
struction in  which  aid  is  given : — 

Subject  1,  Practical     .Plane      and      Descriptive 
Geometry. 

„  .2,  Mechanical  and  Machine  Drawing. 

„  ,    3,  Building,      Construction     or      rfaval 
Architecture.  . 

„  4,  ]^lementary  Mathematics.   . 

„  Sj  Higher  Mathematics. 

.  „  6,  Theoretical  Mechanics. 

„  7,  Applied  Mechanics. 

„  8,  Acoustics,  Light,  and  Heat 

„  9,  Magnetism  and  Electricity. 

„ .  10,  Inorganic  Chemistry. 

„  Jl,  Organic  Chemistry. 

„  12,  Geology. 

„  13,  Mineralogy. 

„  14,  Animal  Physiology. 

„  15,  Zoology.              . 

„  16,  Vegetable  Physiology   and  Ecoiibmic 
-Botany. 

„  17,  Systematic  Botany. 

^  „  18,  Joining.      !              j 

„'  >  19,  Metallurgy.                                          ' 

„  20,  NamgaUon. 

—  ,-,  21 ,  NrntMeel  Astronomy. 

,,  22,^  Stea^ 

„  23,  Physical  Geography. 

VII.  The  assistance  granted  by  the  Science  and 
Art  Department  is  in  the  form  of-^'  '■  - 

.1.   Payments  on  results  t<p,  certii^cated;  teachers. 
(S^e  §  XV.,  xviii.,  xix.,  xx.,  and  xxi.) 
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2.  Grants  towards  the  purchase  of  apparatus,  &c. 

(See  §  xxiii.) 

3.  Public  examinations  in  which  Queen's  Medals, 

Honorary  Certificates,  and  Prizes  are  awarded, 
held  at  all  places  complying  with  certain  con- 
ditions. (See  §  xi.,  xii.,  xiii.,  xiv.,  xv.,  xvi., 
and  xvii.)  On  the  results  of  these  ex- 
aminations the  payments  are  made  to  the 
teachers.     (See  §  xv-,  xviii.,  xix.,  and  xx.) 

VIII.  Examinations  for  certificates  to  ExMiinationB 

±.        i_  i?j.T-     i_   i?  A»         J       •  for  Teacher  8 

teach  any  of  the  before-mentioned  sciences  certificates.  - 
are  held  annually,  commencing  in  the  first  week 
in  November,  at  South  Kensington.  Examinations 
will  also  be  held  in  Dublin  and  Edinburgh  if  five 
candidates  register  themselves  for  examination  in 
Ireland  and  in  Scotland.  Any  person  whatever  may 
attend  this  examination  by  sending  in  his  or  her  name 
to  the  Secretary  of  the  Science  and  Art  Department, 
befere  the  15th  October,  stating  the  subject  or  sub- 
jects in  which  he  wishes  to  be  examined.  Certi- 
ficates of  three  grades  are  given  in  each  group  and 
each  subject,  Tliese  certificates  are  only  considered 
as  simple  records  of  the  results  of. examination  in 
the  various  sciences  before  mentioned,  entitling  the 
teacher  to  earn  payments  by  successful  teaching  in 
the  subjects  for  which  he  or  she  is  certificated.* 

IX.  Suitable  premises,  with  firing,  light-  School  Pw- 
ing,  &c.,  must  be  found  and  maintained  ™"^^' 

at  the  cost  of  the  locality  where  the  school  or  cla^s 
is  held.  If  at  any  time  the  funds  do  not  cover 
these  requisite  local  expenses,  it  must  be  inferred 
that  there  is  no  such  demand  as  the  Government  is 
justified  in  aiding,  for  instruction  in  the  locality  ;  and 
the  assistance  of  the  Department  will  be  withdrawn. 

X.  A  Local   Committee  of  not  less  ^^^"*- 
than  five  well  known  responsible  persons   "" 

must  be  formed  in  connexion  with  every    Science 

*  Such  examination  may  be  dispensed  with  in  eases  where  the 
candidate  has  taken  a  degree,  the  examination  for  which  satig-* 
faetor^y  meets  the  requirements  of  ihe  case.  Full  particulars 
must  be  furnished  by  the  applicant. 
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Class,  who  will  carry  out  the  instructions  contained 

in  Appendix.    (See  pages  14  and  16  to  20.) 

^^ation       XL  The  Science   and    Art    Depart- 

underCCT-     uicnt  holds,  through  the  agency  of  each 

tificated        Local  Committee,  in  May  of  each  year, 

Teachers.  ,  t  •      j.*  i?       n      c    • 

a  public  exammation  of  all  Science 
schools  and  classes  in  any  locality  throughout  the 
United  Kingdom  which  complies  with  the  requisite 
conditions.  (See  §  x.,  xiii.,  and  xiv.)  On  the  results 
of  this  examination  the  payments  are  made  to  certi- 
ficated teachers.  (See  §  xv.,  xviii.,  xix.,  and  xx.) 
Application  for  it  must  be  made  before  the  end  of 
March  in  each  year,  stating  the  number  of  persons 
and  the  subject  or  subjects  in  which  they  are  to  be 
examined.  The  form  of  application,  Science  Form 
No.  119  (see  page  20),  will  be  sent  on  application  to 
the  Secretary,  Science  and  Art  Department. 

In  addition  to  the  above,  examinoMons  in  mathe- 
matics^ navigation,  nautical  astronomy,  steam,  and 
physical  geography  are  held  for  the  benefit  of  sea- 
faring  men  three  times  a  year  in  all  seaports  where 
the  Local  Committees  are  formed  and  are  willing  to 
undertake  them.     These  examinations  take  place  in 
the  beginnings  of  March,  September,  and  December. 
The  application  for  these  examinations  must  be  made 
on  Science  Form  No.  119  before  the  IQth  day  of  the 
previous  month. 
^^^^mination       XII.  A  school    or  class    taught    by 
ciiwse^'         a  teacher  not  holding  a  certificate,  may, 
by  applying   to     the   Secretary  of  the 
Science  and  Art  Department,   be  examined  at  the 
same   time  and  in  the  same  manner  as  the  classes 
under  certificated  teachers ;    provided  that  a   Local 
Committee   be    formed   which   complies    with    the 
requisite  conditions.     (See  Appendix,  pages  16  to 
19,  Science  Form,  No.  88  a.) 

If  the  class  be  for  artisans  the  pupils  are  eligible 
to  receive  Queen's  Prizes  and  Queen's  Medals  under 
the  same  condition  as  the  pupils  of  certificated  teach- 
ers. Should  it  however  be  for  the  middle  classes  the 
pupils  are  not  eligible  for  prizes  and  medals,  but  re- 
ceive certificates  of  merit  instead. 
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Xin.  If  two  or  more  classes  in  the  same  ^^^. 
town,  or  within  a  reasonable  distance  of 
one  another,  apply  for  the  examination  of  the 
Science  and  Art  Department,  a  general  examination 
committee  must  be  formed  by  the  amalgamation  of 
the  several  Committees  to  carry  out  the  examina- 
tions at  some  common  centre,  such  as  the  town  hall 
or  other  public  building.  It  is  only  when  the  classes 
consist  of  100  or  more  candidates  that  such  amalga- 
mation of  the  committees  will  not  be  insisted  on  at 
present. 

XIV.  Any  peraons  whatever,  whether  ^»miM*ion 
taught  by  the  certificated  teacher  or  not,   studeSs. 
may  present  themselves  at   the  Local 
Committee's  examination  on  registering  their  names 
in  time  for  the  Local  Committee  to  comply  with  the 
instructions,  and  paying  a  registration  fee  of  not  more 
than  2^.  6d.  each.     Arrangements  must  therefore  be 
made  by  the  Local  Committee,  or  the  general  exami- 
nation committee,  as  the  case  may  be,  to  enable  other 
candidates,  besides  the  students  in  the  class  for  which 
the  Committee  act,  to  present  themselves  at  this  ex- 
amination.  The  registration  fee  of  2^.  6rf.,  which  such 
candidates  may  be  required  to  pay,  is  to  reimburse 
the  Committee  for  any  extra  expenses  incurred  by 
such  attendance,  and  may  at  their  option  be  remitted. 

XV.  The  results  of  the  May  examina-  ciMsificatioxi 

J     ^  ,j  .7  "^  •       .  •  /•  of  Results. 

tion  and  of  the  qxmrterly  examination  of 
seamen  are  classified  under  the  following  heads : — 
(1)  first  class,  (2)  second  class,  (3)  third  class, 
(4)  fourth  class,  (5)  pass,  and  (o)  failed.  The 
names  of  th&  successml  candidates,  those  under 
the  first  five  heads,  are  published.  The  standard 
of  attainment  required  may  be  raised  from  year  to 
year.  For  the  Pass  it  is  only  such  as  will  justify 
the  Examiner  in  reporting  that  the  instruction  has 
been  sound,  and  that  the  students  have  benefited 
by  it.  Those  who  have  attained  a  higher  degree  of 
proficiency  are  classed  as  4th,  3rd,  2nd,  or  Ist  class, 
according  to  their  merit. 
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^'«  Xyi.  To  the  Ist,  2nd,  and  3rd  dass 

^'  are  given   Queen's  prizes  consisting  of 

books  or  instruments  chosen  by  the  candidates  from 
lists  fiimished  for  that  purpose.  These  are  unlimited 
in  number,  and  are  open  to  all  candidates  who  come 
within  either  of  the  following  categories,  except  as 
below,  see  a.  and  b.  (1)  Students  in  Science  Classes 
nnder  Certificated  Teachers ;  (2)  Registered  Stud^its 
inArtisan  Classes  taught  by  Non-cer^ScatedTeadiers^ 
or  (3)  bon4  fide  artisans. 

Other  candidates,  if  successfiil,  receive  instead  Cer* 
tificates  of  merit  recording  their  success. 

The  following  are  exceptions  to  the  above  rule. 

a.  Science  Certificated  Teachers ;  and 

b.  Students  who  have  previously  received  the  same^ 
or  a  higher  class  prize,  in  the  same  sulgect. 

The  names  of  such  candidates  will  simply  be  re-^ 
cc^ded  in  the  published  lists. 

^^^  XVII.  To  the  four  best  in  each  subject 

are  awarded  Queen's  medals.  These  con- 
sist of  one  gold,  one  silver,  and .  two  bronze  in  each 
subject  for  competition  throughout  the  United  King- 
dom. 77i^  are  only  awarded  if  there  are  a  sufficient 
number  of  qualified  candidates^  and  the  gold  tnedcd 
xjoill  only  be  given  in  cases  of  high  merit  specially 
recommended  by  the  examiner. 

Only  registered  stiidents  of  schools  and  classes 
under  Lpod  Committees  (see  §  xi.  and  xii.)  are 
eligible  for  medals.  They  cannot  be  taken  by  middle 
class  students  who  are  more  than  17  years  of  age. 
Students  who  but  for  this  restriction  would  have 
taken  the  medal,  will  receive  an  honorary  certificate 
instead.  Should  a  student  take  more  than  one  gold, 
silver,  or  bronze  medal,  he  njnll  receive  books  instead 
of  a  second  medal. 

tS^?*^     XVIII.    Payments    are  made  to    the 

certificated  teacher  in  those  subjects  in 

which  he  is  certificated  on  the  following  scale: — 1/. 
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for  every  student  of  the  industrial  classes  who  passes 
in  each  subject;  2/.  for  every  one  who  obtains  a 
4th  class ;  3/,,  4/.,  or  6/.  for  every  one  who  obtains 
3rd,  2nd,  or  1st  class ;  provided  that  such  student 
has  received  25*  lessons  at  least  from  the  certificated 
teacher  in  each  subject  since  the  last  examination, 
each  lesson  being  an  attendance,  at  a  meeting  of 
the  school,  of  at  least  three  quarters  of  an  hour 
duration  on  a  separate  evenii^. 

The  25  lessons  need  not  necessarily  be  all  given  in 
one  year,  but  may  extend  over  a  longer  period.  51. 
is  the  maximum  that  can  ever  be  claimed  on  account 
of  the  instruction  of  any  one  pupil  in  a  subject,  and 
this,  only,  subject  to  the  reductions  entailed  by  §  xix, 
and  XX.  That  is  to  say,  for  a  pupil  taking  a  1st  class 
for  whom  at  a  previous  examination  the  teacher  re- 
cdved  the  piayment  for  a  Brd  class,  he  can  only  claim 
21.  If  the  same  pupil  had  previously  taken  a  2nd 
class  the  teacher  could  only  claim  H.  on  his  account, 
and  so  on.  ' 

XIX.  If  a  student  be  successful  at  the  exaiBina- 
tionin  more  than  one  subject,  the  teacher  can  only 
claim  half  of  the  above  payments  in  respect  of  such 
fiirther  subject  in  which  he  is  successful. 

XX.  Payments  are  only  made  on  the  foregoing 
scale  when  thev  amount  to  not  more  than  60/.  W  hen 
on  this  scale  tney  would  amount  to  more  than  60L 
thfe  excess  up  to  401.  is  diminished  by  one  quarter, 
*he  excess  above  40/.  by  one  half.  Thus  payments 
which  on  the  above  scale  would  be  100?.  and  150/. 
will  be  reduced  to  ^fc  and  115/.  respectively. f   . 


^  It  mtiat  be  clearly  understood  that  the  number  (26)  of  lessons 
which  the  teacher  is  required  to  give  is  the  minimum  fixed  as  a 
criterion  that  the  pupil  has  received  his  instruction  from  the 
teacher,  and  is  not  meant  in  any  way  to  specify  that  that  amount 
of  instruction  is  sufficient,  or  to  guarantee  the  teacher's  receiving 
-pijmmiy  if  that  amouiot  of  Instruction  aloUd  Ib  given. 

t  ThiK,  100,  that  is  60+40,  is  redticed  to  60+^-^  of  40 
=  60+30=90.  150,  that  is,  60  +  40  +  50  is  reduced  to 
60+30+25=115. 
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Fonnofaaim  XXL  The  claim  of  a  master  for  the 
for  Payment  paytnents  Under  these  several  heads  is 
made  on  Science  Form  No.  51,  which  will  be  sent 
on  application.  The  voucher  must  be  signed  by 
the  secretary  and  two  members  of  the  committee 
of  the  science  class  or  school;  or  by  at  least  three 
of  the  committee.     (See  Appendix,  page  22.) 

|chooi  XXII.  A  school  register  must  be  kept 

^^^^'  on  a  form  which  wUl  be  supplied  on 
application.  This  must  be  made  up  from  day  to  day, 
and  will  be  examined  and  approved  by  the  Inspector 
on  his  visit.  It  must  be  sent  to  the  Department  with 
the  teacher's  claim  for  payment,  and  no  payment  can 
be  made  unless  it  is  properly  kept. 

Grants  fop  XXIII.  A  grant  towards  the  purchase  of 
Apparatus,  apparatus,  diagrams,  &c.,  of  50  per  cent. 
on  the  cost  of  them,  is  made  to  science  schools  and 
classes  in  Mechanics*  and  similar  institutions  where 
the  teacher  is  certificated,  and  to  the  extent  of 
5/.  to  other  poor  schools  and  classes.  A  requisi- 
tion must  in  these  cases  be  made  on  Science  Form, 
No.  49.     (See  page  27.) 

E^I^^of  XXIV.  The  travelling  expenses  (se- 
Tei^ew.^  coud-class  railway  fare,  and  10^.  per 
diem  personal  allowance)  of  a  candidate 
in  attending  the  November  examination  are  paid  if 
he  be  successful  in  taking  a  certificate  or  in  improving 
the  grade  of  one  he  has  already  taken,  provided  the 
candidate  is  bona  fide  engaged  in  tuition,  or  is  pre- 
paring for  tuition. 

insteuction  in         XXV.  All  pavmcuts    to    Certificated 

an  Elementary      .1  1.     r  o   *  a"l- 

School  teachers  on  account  of  Science  teaching 

are  made  by  the  Science  and  Art  De- 
partment, and  are  only  made  in  respect  of  a 
school  in  connexion  with  the  Science  and  Art  De- 
partment They  do  not  apply  to  any  instruction 
in  Science  that  may  be  given  during   the    three 
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attendances  of  an  Elementary  School  receiving  aid 
from  the  Education  Department,  Whitehall. 

XXVI.  These  grants  are  only  made  ^  <>' 
while  the  teacher  is  giving    instruction  schoS***^ 
in  a  day   or   evening    school   or    class  Pwm»«- 
for   the    industrial    classes    (adults    or 

boys),  approved  by  the  Science  and  Art  Depart- 
ment, and  open  at  any  time  to  the  visit  and  in- 
spection of  its  officers.  The  Managers  of  an 
Elementary  School  under  the  inspection  of  the 
Education  Department  can  permit  such  part  or 
parts  of  their  premises  to  be  used  for  Science 
teaching  as  shall  not  interfere  in  any  way  with  the 
three  attendances  of  the  Elementary  School. 

XXVII.  The  certificated  teachers  of  Masters  with 

,  .  i_      T  •    •  -J     /»  Papil-teachcrs. 

elementary  schools  receiving  aid  from 
the  Education   Department,    Whitehall,   who  have 
pupil-teachers  to  teach,  cannot  receive  payments  on 
account  of    Science   teaching,    even  if  holding    a 
Science  certificate. 

XXVIII.  But   certificated  teachers  Masters  without 
of  elementary  schools  receiving  aid  irom 

the  Education  Department  who  have  not  pupil- 
teachers  to  teach  have  their  time  out  of  school- 
hours  at  their  own  disposal,  so  far  as  official  regula- 
tions are  concerned,  and  may  if  further  certificated 
in  Science  give  scientific  instruction  under  the  Science 
and  Art  Department. 

jN^.B. — On  the  next  page  will  be  found  a  table  of 
memoranda  Jbr  the  tcse  of  Secretaries  and  Mem- 
bers  of  Science  Committees  {Science  Form, 
No.  170)  which  it  is  expected  will  be  carefully 
attended  to.  This,  as  well  as  the  other  forms 
given  in  the  Directory,  can  be  had  on  appli- 
cation to  the  Secretary,  Science  and  Art 
Department. 
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APPENDIX. 


SCIENCE  FORM,  No.  170.  -  : 

MEMORANDA   FOR   THE   USE   OF   SECMSTARIES   AND 
MEMBERS  OF  SCIENCE  COMMITTEES.  ^ 

Dates. 

Be^reSOth  Novem- 
ber. ' 
Congtantiy    ^^  - 


Before  lat  January 
Before  Slst  Mardi 
Before  24tli  April- 
On  the  27th  Aprfli 


During  the    May 
examinations. 


On  the  eyeing  ol 

examination. 


After  the  May  ex- 
aminations. 


Fozmation  of  Committee,  Form  No.  88.  Or  oon* 
tinuation  of  Committee,  Form  No.  168. 

To  visit  the  School  and  see  that  the  Beffister  is 
kept  &om  day  to  day,  and  that  eveiydiing  U 
regular. 

To  carefully  £11  in  and  send  to  the  Depavtmenti 
Form  No.  120. 

To  send  Form  No.  119  applying  for  examinatioii  in 
May. 

To  see  that  Form  Nol  91  is  hung  up  in  the  School* 
.room. 

If  a  parcel  containing  (1)  the  papers  for  the  candi- 

^dates  to  work  upon,  (2)  copies  of  Form  No.  91, 

.  one  for  each *day'&examina£on,  and  (3)  envelopes 

in  which  to  return  the  worked  papers,  should  hot 

have  .been  received,  or  if  there  should  be  any 

mistake  in  the  numbers  sent  for  each  subject  as 

'  applied  for,  or  in  the  covering  letter,  to  communi- 
oate  at  once  to  the  Department. 

The  examination  pape^  for  each  evening  will  leave 
London  by  the  mght  mail  two  evenings  before, 
i,e,,  Thursday  evening  papers  wiU  leave  on  Ttxes- 
day  evening,  Friday's  on  Wednesday  evening, 
etc.  Should  they  not  arrive  accordingly,  a  tele^ 
gram  to  be  sent  at  once  to  the  Department. 

The  candidates,  being  all  seated  sf  6.50,  to  rdad 
out  the  rules  on  Form  No.  91,  then  give  out  th^ 
papers  to  be  worked  on.  Then  at  6.55  to  break 
the  seal  of  the  examination  papers  and  distribute 
to  the  candidates.  To  adhere  rigidly  to  the  niles 
on  Form  No.  91.  To  sign  Form  No,  91.  Te 
seal  up  the  papers  in  one  of  the  envelopes  pro- 
vided and  at  once  post  them. 

On  receiving  lists  of  the  results  to  give  one  copy 
to  each  candidate  whose  name  appears  in  it  as 
being  successful ;  to  inform  the  others  they  have 
failed. 

To  return  Form  No.  161  filled  up  as  soon  as  pos- 
sible in  strict  accordance  with  the  rules  on  Form 
No.  110.  (Prize  List).  To  return  Form  No.  123. 
To  examine  and  certify  Teacher's  claims  for  pay- 
ment, Form  No.  51,  and  the  School  Register, 
which  must  be  sent  up  at  the  same  time.  To 
return  Form  No.  108. 

To  keep  a  record  of,  and  inform  the  Department 
of  the  number  of  individuals  examined. 
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EXHIBITIONS,  SCHOLARSHIPS,  AND  PRIZES,  AT 
THE  ROYAL  SCHOOL  OF  MINES. 

At  the  May  1866  examination  two  of  the  following  Royal  Exhihitions 
to  the  Royal  School  of  Mines  will  be  open  for  competition  independent 
of  the  prizes,  &c.  offered  by  the  Science  and  Art  Department. 

Royal  Exhibitions. 

1.  Eight  Royal  Exhibitions  of  the  value  of  50/.  each  per  annum  entitling 
the  holders  to  free  admissions  to  all  the  lectures,  and  the  Chemical  and 
Metallurgical  Laboratories  at  the  Royal  School  of  Mines,  to  be  heldfirom 
vear  to  year  for  three  years,  on  the  condition  that  the  holder  attends  the 
lectures  and  passes  the  examinations  required  for  the  associateship  of  the 
School. 

All  persons  over  21  years  of  age,  excepting  artisans;  and  such  as  come 
within  the  category  of  persons  paid  upon  under  the  Science  Directory, 
will  be  excluded  nrom  competing  for  the  Royal  Exhibitions.  Special 
cases,  however,  must  be  determined  according  to  the  spirit  of  the  rules, 
and  the  object  of  the  endowment. 

The  competition  for  the  Royal  Exhibitions  will  be  determined  by 
affixing  the  following  values  to  the  several  results  of  the  May  examina- 
tion, viz.: — 

To  a  l8t  gnrade  Queen's  Prize,  in  any  subject    •        •   9  maiks 
ToaSnd  „  „  „  .         -   7     . 

To  an  honourable  mention  „  •        •   8     „ 

Toapaas      -•         •         -         „  •         -1„ 

and  in  addition — 

For  a  gold  medal  •  •  „         •         •  10     m 

For  a  silver  medal         •  •  „         •         •   7     » 

For  a  bronze  medal        •         •  „  •         •   6     „ 

N.B.— Science  Certificated  Teachers  may  compete  for  the  Boyal  Exhibitions.  When 
coming  up  simply  with  this  object,  they  should  inform  the  Science  and  Art  Department, 
so  that  tneir  names  may  not  appear  in  the  published  list  with  the  students. 

Free  Admissions. 

2.  Free  admissions  to  the  lectures  at  the  School  of  Mines. 

A  free  admission  is  granted  to  any  person  who  takes  a  gold  medal  in  the  May 
examination. 


There  are^  in  addition,  the  following  Scholarships  atteched  to  the 
School— 

His  Royal  Highness  the  Duke  of  Cornwall's  Soholabships. 
His  Royal  Highness  the  Prince  of  Wales,  as  Duke  of  Cornwall,  has 
granted  two  scholarships  of  30/.  each.  One  becomes  vacant  every  year, 
and  will  be  competed  for  by  those  students  onlj  who  have  passed  the 
examinations  of  the  first  two  years  of  the  curriculum  required  for  as- 
sociates.   It  is  held  for  two  years  by  the  successful  competitor. 


Royal  Scholarships. 
Two  scholarships  of  15/.  each  are  given  to  the  students  who  shall 
stand  highest  on  the  list  of  those  who  have  passed  their  examinations 
for  the  &rst  year — and  a  scholarship  of  251,  to  that  pupil,  not  being  the 
Duke  of  Cornwall's  scholar,  who  passes  the  best  examinations  after  the 
end  of  the  second  vear.  These  scholarships  will  be  granted  to  those 
students  only  who  have  obtained  first-class  places  in  the  examinations 
of  their  year,  or  in  those  of  at  least  two  of  the  Professors  in  the  case  of 
such  students  as  take  the  two  first  years  in  one. 

'    Por  further  particulars  see  prospectus  of  the  **  Royal  School  of  Mines,** 
to  be  had  on  application  at  the  Museum  in  Jermyn  Street. 
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SCIENCE  FORM,  No.  88. 


LOCAL  COMMITTEES  FOR  SCIENCE  SCHOOLS 
AND  CLASSES. 

1.  A  Local  Committee  of  not  leas  than  five  weU'known  responsible 
persons  must  be  formed  in  connexion  with  every  Science  class,  m  order 
to  comply  with  the  necessary  requirements  of  the  Science  and  Art  De- 
partment, and  to  carry  out  various  arrangements  on  its  behalf  necessary 
for  testing  the  efficiency  of  the  science  instruction,  on  the  proof  of  which 
alone  the  aid  of  the  Department  is  given. 

2.  The  gentlemen  proposed  to  act  on  this  Committee  are  to  fill  in  the 
form  on  the  next  page,  stating  their  willingness  to  carry  out  the 
necessary  arrangements  for  examinations,  &c.,  and  giving  tne  address 
and  occupation  of  each  member. 

3.  The  relation  of  the  Committee  to  the  teacher  of  a  Science  school  or 
class  will  vary  much  according  to  the  varying  curcumstances  of  different 
localities.  In  some  places  where  the  demand  for  science  instruction  is 
great,  and  there  is  an  energetic  local  teacher  to  take  advantage  of  it,  the 
chief  duty  of  the  Local  Committee  may  be  to  give  the  teacher  the 
necessary  vouchers  for  obtaining  his  payments.  While  in  other  places, 
where  those  who  take  an  interest  in  and  wish  to  farther  science  instruc- 
tion may,  with  that  object,  subscribe  to  and  establish  scientific  classes 
either  in  connexion  with  an  existing  institution  or  not,  and  m&j  engage 
a  teacher  certificated  in  science  to  instruct  the  classes,  the  teacher  must, 
to  a  great  extent,  be  the  paid  officer  of  the  Committee.  With  these  local 
arrangements  the  Science  and  Art  Department  does  not  interfere,  but 
leaves  them  to  the  locality  to  settle.  The  local  circumstances  will  de- 
termine whether,  as  in  the  first  case,  the  master  receiving  the  whole  of 
the  fees  for  instruction  should  provide  at  his  risk  the  room  for  instruc- 
tion, with  the  necessary  firing,  lighting,  &c.,  or  what,  as  in  the  second 
case,  should  be  the  proportion  of  the  fees  deducted  on  this  account  by  the 
Committee. 

4.  The  Science  and  Art  Department  requires  that  the  Local  Conunittee 
shall— 

a.  Be  responsible  for  the  safe  custody  of  all  apparatus  towards  the 
purchase  of  which  the  Department  has  paid  50  per  cent. 

h.  That  they  shall  provide  a  room  or  rooms  of  sufficient  size  to  carry 
out  the  annual  examination  according  to  the  detailed  regulations 
under  that  head.  This  examination  is  of  aU  persons  who  wish  ta 
present  themselves,  and  not  only  of  those  taught  by  the  certifi- 
cated teacher ;  but  those  persons  who  are  not  taught  by  the  certi- 
ficated teacher  must  send  in  their  names  before  the  1st  March,  and 
may  be  required  to  pay  a  registration  fee  of  2s,  6d.  for  the  whole 
examination. 

c.  That  a  school  register,  showing  the  attendance,  number  of 
lessons,  payment  of  fees,  &c.,  on  an  approved  form,  be  kept 
properly  filled  up,  and  sent  to  the  Science  and  Art  Department 
when  required. 

d.  That  they  shall  send  in  to  the  Secretary  of  the  Sdence  and  Art 
Department  the  list  of  students  to  be  examined,  before  the  end  of 
March,  specifying  the  subjects  in  which  they  are  to  be  examined. 
That  they  shall  be  responsible  for  conducting  and  superintending 
the  examination :  giving  out  the  examination  papers  which  will  be 
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sent  for  that  purpose :  seeing  them  worked  fairly  and  certifying 
to  the  same,  not  less  than  three  of  the  Committee  being  always 
present :  and  sending  the  worked  papers,  under  seal,  by  the  day's 
post  to  the  Secretary  of  the  Science  and  Art  Department, 
e.  That  they  shall  certify,  firstljr,  that  those  students  on  whose  ex- 
amination the  teacher  bases  his  claim  to  payments  on  results,  are 
artizans  or  operatives,  or  their  children,  or  can  claim  as  such  (see 
Science  Form,  No.  51) ;  and,  secondly,  that  they  have  received  25 
lessons  at  least  f^om  the  teacher  in  the  year  or  since  the  last  exami- 
nation, on  their  passing  at  which  payment  was  claimed  on  their 
account. 

5.  The  Science  school  or  class  must  be  at  all  times  open  to  the  visit 
and  inspection  of  the  officers  of  the  Science  and  Art  Department  as  a 
condition  to  the  grant  of  aid  from  it ;  if  at  anv  time  it  is  found  that  the 
apparatus,  &c.,  towards  the  purchase  of  which  a  grant  has  been  made  is ' 
not  properly  taken  care  of,  or  that  a  proper  room  with  firing,  lighting,  &c., 
is  not  provided  for  the  class,  the  aid  of  the  Department  will  be  with- ' 
drawn. 

No±:e.— As  it  is  to  the  Committee  that  tlie  Department  looks  to  cany  out  the 
fn'eat  proportion  of  the  duties  of  the  school,  as  many  as  possible  of  the  mem- 
hers  of  the  Committee  should  atteAd  on  the  inspector's  visit. 


J^ojuc  of  ApFiiiCATiON  to  act  as  a  CoMiarrBS  for.a  Sciencs  School  or  Class. 

We  the  undersigned, 

[1.  The  Committee  shall  be  composed  entirely  of  well-known  responsible  persons 
of  position  who  fire  auite  independent  of  the  school  or  classy  and  who  have  no- 
such  personal  interest  in  it  as. can  lay  them  open  to  the  slightest  suspicion  of 
partiality ;  and  of  course  no  member  should  be  connected  with  the  Teacher, 
have  any  pupils  for  examination,  or  be  a  pupil  himself. 
2.  It  is  very  desirable  that  as  many  persons  as  possible  in  reeecniaed  positions  of. 
public  Tesponslbility  in  the  district,  such  as  Magistrates,  If  unicipal  Autho* 
rities  (Mayor,  AldermcB)  or  Town  Councillors)7Head  of  Bducational  Estab- 
lishments (Trustees  of  Grammar  Schools, .  MaoflgiQrs  of.  National  Schools), 
Clergymen,  &c.,  shcHild  be  on  the  Committee. 
8.  It  is  absolutely  necessary  that  at  least  two  such  responsible  persons  should' 
agree  to  act. 
-     4.  The  Committee  must  consist  of  a  Cliairman,  Secretary,  and  at  least  three  other . 
Members. 
.  6.  The  Chairman  must  be  a  Magistrate*  Mayor,  Boroughreeve,  Provost,  or  Alder- 
man, or  other  public  officer  of  recowiized  position,  Trustee  of  Grammar 
School,  or  ClerKyman  of  the  fistabUshied  Church  in  parochial  employment. 

6.  The  Chairman  ofthe  Committee  will  infbrm  My  Lords  as  to  the  constitution  of 

the  Committee  behiuc  in  accordance  With  these  requirements. 

7.  The  Secretary  of  the  Committee  of  the  Science-  School  or  Olass,  as  being  the 

medium  of  communication,  will  carry  on  all  correspondence  with  theSdence 
and  Art  Department,  and  is  held  responsible  for  making  out  and  sending  all 
returns  required,  for  the  receipt  and  distribution  of  the  examination  papers, 
the  transmission  of  the  worked  papers,  Ac,  at  the  proper  times  acccfding  to 
the  regulations ;  and  in  consequence  ot  the  necessary  demands  on  his  tune 
and  trouble  My  Lords  have  sanctioned,  provisionally,  the  payment  -to  him 
of  the  foUowmg  fees  z—lL annually  for  furnishing  the> returns,  &c.  specified  on 
Science  Form,  rfo.  170,  connected  with  any  Science  school  or. class,. and  IL  in 
addition  for  each  day's  examination  held  by  the  Committee  to  which  he  is 
Secretary.  The  Secretary  must  be  a  member  of  the  Committee ;.  the  reauire- 
.  ments  in  par.  1  apply  equally  to  him. 

8.  This  form  is  to  be  filled  in  and  returned  to  the  Department  annually  before  the 

15th  December,  except  in  the  case  of  new  schools  or  classes,  when-it  should 
be  made  as  soon  as  they  are  formed.] 

propose   to    act  as  the   Ik>ob1  Committee  for  the  Science  Class  held  at 
and  taught  by 
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We  undertake  for  the  year  at  least,  and  foither  till  another  Committee 

satisfactory  to  the  Science  and  Art  Department  has  been  appointed 

1.  To  be  responsible  for  the  safe  custody  of  all  the  Apparatus,  Dia- 
grams, &e.,  towards  the  purchase  of  which  the  Department  has  in  any 
way  contributed. 

2.  That  three  or  more  of  our  number  will  be  ready  tit  the  appointed  time 
to  be  present  at,  and  superintend,  the  examinations  of  the  Science 
Class  according  to  the  instructions  of  the  Science  and  Art  Depart- 
ment, and  giye  the  teacher  the  necessary  vouchers. 

3.  That  a  room  or  rooms  shall  be  provided  for  the  due  carrying  out  of 
such  examination^  according  to  the  rules  of  the  Department,  providing 
sufficient  space  for  the  examination,  not  only  of  all  persons  taught  by 
the  certificated  teacher,  but  of  all  others  who  may  wish  to  attend  the 
examination. 

(A  fee  of  not  more  than  28,  6d,  ma^  be  chai^  .on  each  applicant  for 
'  examination  who  is  not  a  student  in  the  dass,  to  reimburse  the  Committee  in 
any  extra  expenses  they  may  be  put  to  in  providing  a  room). 

4.  That  the  School  or  Class  shall  be  open  at  any  time  to  the  visit  and 
inspection  of  the  Officers  of  the  Science  and  Art  Department. 


8lON,A!El7SB. 

Adpsess^ 

Occupation,  specially  stating 

how  fidfllling  the  conditions 

of«K.''aSl"I."above. 

- 

... 

Chairman, 

Secretary, 

I  certify  that  this  Committee  complies  with  the  requirements  of  the  rules 
i,- 2,  a,  4, and  5.  —      -     


Chairman, 

t 

The  Secretary,     j  ' 

Science  4nd  Art  Department.  i 

i  1 

This  form  may' be  had  on  application  to  the  Secretary,  Science  and  Aii 
"   "*    ^'^ensington:        - 


SCIENCE  FORM,  No.  168. 


Where  the  same  Committee  proposes  to  act  again  it  will  not  be  neces- 
sary to  resign  the  above.  No.  88,  but  only  to  hold  a  meeting  and  fill  up 
this  form.  No.  168,  whioii  may  be  had  on  application. 
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SCIENCE  FOBM,  Ko.  88  a. 

LOCAL  COMMITTEES  FOR  SCIENCE  SCHOOLS  AND  CLASSES 
NOT  RECEIVING  AID  FROM  BUT  EXAMINED  BY  THE 
SCIENCE  AND  ART  DEPARTMENT. 

This  Form  is  a  inodification  of  the  previous,  No.  88.,  and  may  he  had  on 
application  to  the  Secretary,  Science  and  Art  Department,  South  Kensington* 


SCIENCE  FORM,  No.  120. 

SCIENCE  CLASSES  UNDER  CERTIFICATED  TEACHERS. 

Annual  Report  of  Science  School  ob  Class, 

To  he  made  on  its  estahlishment,  and  annually  (hefore  the  1st  January)  of  its 

continuation. 
Name  of  Town 

Place,  as  Mechanics'  Institution,  &c.,  in  which  the  Classes  are  held 

Name  of  Street,  No.,  &c.  


Name  of  Teacher  or  Teachers^ 
Their  private  addresses 


Total  No.  of  individual  Students. 


(If  a  student  attends  two  or  more  classes  he  must  only  he  counted  as  one  student.) 


CrARSES  IN 

(state  subject). 

Fees. 

No.  of 
Students. 

Days  on  which 
they  meet. 

Hours  of 
Meeting. 

Period  of  the  Year 

during  which 
the  Classes  continue. 

Names  ov  Sbcbetabt  and  Membebs  ov  ihb  Committee. 

(The  undcrfcaking  on  Science  Form,  No.  88,  is  for  the  year  at  least,  and  ftirther  till 
another  Committee  satisfactory  to  the  Science  and  Art  Department  has  been  appointed. 
This  Form,  No.  88,  must  therefore  be  filled  in  and  sent  to  the  Department  annually 
when  the  class  recommences,  except  in  those  cases  in  which  the  whole  of  the  Ck>mmittee, 
wishing  to  continue,  formally  authorize  the  Chairman  and  Secretary  to  report  to  that 
effect.  It  will  then  only  be  necessary  for  new  members  to  sign  the  form  undertaking  to 
orform  the  various  duties.) 
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FORM  No.  868. 

Tk»  following  form^  y>hich  may  be  had  on  application  to'ihe  Secr^tdrp,  Science 
and  Art  bepartment,  is  JiUed  up  in  italics  as  an  example  of  the  manner  in 
which  it  should  he  done. 

An  Account  of  Tbayelling  and  Febaonal  Expenses  disbubsed  Ain> 

CHARGED  BY  I 

Thomeui  JoneSy  .      -     - 

!From  the  2nd  January  I860,  to  the  4th  January  \%60, 


I  Jhereby  certify  tl^t  the  trayelling  expenses  detailed  below  have  been  ac- 
tually di^ursed  by  me  in  travelling  in  the  execution  of  my  public  duties,  that 
the  personal  expenses  are  charged  according  to  the  regulations,  and  that  the 
totd  sum  of  £     .     .     is  due  to  me  for  the  services  stated. 

Thomas  X&nes, 

[Name  an4  title  of  officer  to  be  specified.] 

Teacher  of  Chemistry  in  ■  School  cf  Manchester » 


Date 

upon  which  the 

services  were 

Performed. 


4660, 

9»d  JoMnary, 
9rdJ<miiary, 
^h  January* 


In  this  column  must  be  stated  the  servioe  on  account  of 

which  the  journeys  were  perft>rmed,  axi^  the 

detaila-of  tihe  expenses  incurred. 


To  attend  examination  in  Chemistry  held  at 

South  Kensington  on  srd  Januarp  'fS6o, 
Baihoay  fare  from  Manahester  to  London 

{snd  Class) -f   4   o 

Omiiibusfare  to  and  from  Huston  Square  and 

South  Kensington     -       •       -       •       -       '   o   4    0 
Maihoajf  fare  from  London  to  Manchester   •   y   4   0 

fBda^persomaaiknoaneeat'fos, 


TOTAX 


»   90 
4   o    o 


ago 


"SoTB.—Should  the  suecestful  candidate  live  in  London  or  near  enough  to  get  home 
at  night,  he  is  only  to  be  allowed  6s, per  diem  besideshis  travelling  expenses. 

Examined  and  approved, 


Secretary. 


Beceived  this. 


-poimda- 


_day  of- 


'Shillings  and. 


.18        ,  the  sum  of 
penee,  in  pay- 


ment of  the  above  amonnt 
£ 
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BCIElJCB  FOBM  No.  51. 

SCIENCE  AND   ART  DEPARTMENT   OF  THE  COMMITTEE  OF 
COUNCIL  ON  EDUCATION,  SOUTH  KENSINGTON. 


Application  from_ 


Science  Teacher  in 


School  or  Institution  at_ 


Jot  payment. 


On  behalf  of  the  Committee  of  Management  of  this  School,  We  do  hereby 
certify : — 


(1).  That  Mr.. 


.has  duly  performed  the  various  duties 


devolying  upon  him  as  a  Science  Teacher  in  the  School,  during  the 

etidiag ^^day  of 186    . 

(2).  That  he  has  given  the  fc^lowing  Students  at  least  25  lessons  during 
ihe  year,  or  since  the  last  examination  at  which  payment  was  claimed 
on  their  account,  in  each  subject  for  which  payment  is  claimed. 
^:/(3).  That  the  under-mentioned  students  are orfttatur  or  operatives^  in  the 
receipt  of  weekly  wages,  supporting  themselves  by  their  own  manuaJ 
labour ;  or  their  children  not  earning  Hieir  own  livelihood. 

_  ._  ._. Secretary. 

1  Two  mem- 

y  beraof 
I^ J  Committee. 


I  hereby  certify  that  the  following  particulars  are  correct 


-Teacher* 


Names  of  fassbd  AjtrizAir  or  Opebatifs  Students.* 

173.— The  names  of  the  students  must  be  arranged  alphabetically.  After  each  stu- 
dent's name  must  be  placed  his  several  successes  (ii  he  has  more  than  one) ;  and 
la  the  last  column  the  amount  claimed  on  each  success  after  ma>king  the  proper 
deductions. 


Surname. 

Christian 

Name  in 

full. 

It 

^1 

father's  trade. 

(State  which 

is  given). 

Position  at 

the  late 
Examination. 

Highest  Position 

in  same  Subject 

at  any  previous 

Examination. 

Pay- 
ment 
clohned. 

Subject  \  Grade. 



&c. 

*  Should  the  Teacher  have  instructed  any  Students  who  may  tsMj  be  considered  to 
belong  to  the  industrial  classes,  but  whose  wa^es  are  paid  at  longer  intervals  than  a 
week,  or  who  do  not  support  themselves  by  their  own  manual  labour,  the  claims  on 
their  account  must  be  made  by  the  Committee  of  the  school  on  the  form  on  page  8, 
when  they  will  be  considered  on  their  merits. 
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On  behalf  of  the  Committee  of  the  School,  We,  the  undersigned,  beg  leare 

to  recommend  that  the  Teacher,  Mr. be  allowed  to 

claim  the  allowances  on  the  following  students,  whom  we  consider  may  fidrly 
be  taken  as  belonging  to  the  industrial  classes,  as  coming  within  one  of  the 
following  categories,  or  being  the  children  of  such. 

a.  Though  paid  at  longer  intervals  than  a  week,  still  supporting  himself  by 

his  own  manual  labour  and  not  by  profit  on  the  labour  of  others,  that 
is  not  employing  apprentices,  journeymen,  &c. 

b.  Though  not  supporting  himself  by  manusJ  labour,  yet  being  of  the  same 

means  and  social  level  as  those  who  do  so  (such  as  shopkeepers  who 
have  only  petty  stocks  and  employ  no  one  but  members  of  their  own 
family),  policemen,  coast-guards,  &c. 

c.  Though  not  supporting  himself  by  manual  labour,  yet  such  as  it  would 

be  unreasonable  to  expect  to  pay  the  fee  of  middle  class  students,  as  * 
some  descriptions  of  clerks,  shopmen,  &c. 
We  certify  to  the  best  of  our  belief— 
(1).  That  he  has  given  them  (25)  lessons  at  least  during  the  year,  or  since 
the  last  examination  at  which  payment  was  claimed  on  their  account, 
in  each  subject  for  which  payment  is  claimed. 
^2).  That  they,  or — in  case  they  are  not  earning  their  own  livelihood — ^their 

&thers  are  not  assessed  to  the  income  tax. 
(3).  That  the  following  particulars  on  which  the  Teacher  grounds  his 
application  are  correct. 

. Secretary. 

1  Two  mem- 

L     hers  of 

J  Committee. 

-Teacher. 


I  hereby  certify  that  the  following  particulars  are  correct 


Names  of  Passed  Students  claimino  as  Industrial  Classes. 

NJB.-~-The  names  of  the  students  must  be  arranged  alphabetically.  After  each  student's 
name  must  be  placed  his  several  successes  (if  he  has  more  than  one) ;  and  in  the  last 
column  the  amount  claimed  on  each  success  with  the  proper  deductions. 
Under  the  names  cf  students  in  category  **e*'  a  lino  must  be  drawn. 


Surname. 

Christian 

Name  in 

ftiU. 

II 

Trade,  or 
fiither's  trade. 
(State  which 

is  given). 

Position  at 

the  late 

Examination. 

Highest  Position 

in  same  subject 

at  any  previous 

Examination. 

Pay. 

ment 

chiimed. 

SubJMSt.  1    Grade. 

" 

&c. 

• 

The  Secretary, 

Science  and  Art  Department 


(The  following  particulars  will  be  filled  up  at  South  Kensington.) 
Examined  and  found  correct  to  the  extent  of       


Approved_ 


_day  of_ 
_day  of_ 


.186 
.186 
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[SPKCIMBN.] 

Sdenoe  Form,  No.  61. 
South  Kensington,  July  1865. 

SCIENCE  AND  ART   DEPARTMENT   OF  THE  COMMITTEE  OF 
COUNCIL  ON  EDUCATION,  SOUTH  KENSINGTON. 

Application  from  John  Smith,  Science  Teacher  in  the  Science  School 
or  Institution  at  Midkwrst  for  payment. 


On  behalf  of  the  Committee  of  Management  of  this  School,  We  do 
hereby  certify : — 

(1.)  That  Mr.  /.  Smith  has  dul^r  performed  the  various  duties  de- 
volving upon  him  as  a  Science  Teacher  in  the  School,  during 
the  year  ending  Slst  day  of  May  1865 ; 

(2.)  That  he  has  given  the  following  Students  at  least  25  lessons 
during  the  vear,or  since  the  last  examination  at  which  pavment 
was  chdmea  on  their  account,  in  each  subject  for  wlucn  pay- 
ment is  claimed ; 

(3.)  That  the  undermentioned  students  are  artizans  or  operatives*  in 
the  receipt  of  weekly  wages,  supporting  themselves  by  their  own 
manual  labour;  or  their  children  not  earning  their  own  livelihood. 

Wm,  Brown,  Secretary, 
f  Two  mem* 


John  Jones, 
James  Roninson, 


<      bers  of 
L  Committee. 


I  hereby  certify  that  the  following  particulars  are  correct. 

John  Smith,  Teacher. 

Names  07  Passed  Abtizan  ob  Ofebativb  Students.* 

K,B.— The  names  of  the  atndents  miut  be  ananged  alphabetically.  After  each  student's 
name  must  be  placed  his  several  successes  (if  he  has  more  than  one) ;  and  in  the  last 
column  the  amount  claimed  on  each  success  after  making  the  proper  deductiion. 


Surname. 

Christian 
Name 
inftOl. 

Trade,  or 
fother's  trade. 
(State  which 

is  given). 

Position  at 

the  late 
Examination. 

Highest  Posi- 
tion in  same 
Subject  at 
any  previous 
Examination. 

Payment 
claimed. 

Batijeet. 

Grade 

Adams, 

n 

Baiter, 

James, 

John  Wm, 
Henry, 

22 

M 

U 

5«fcfcr(/) 
BaJ^if) 

h 

XIV. 
X. 

XL 

jr. 

Ut 

Pass 
Ist 

Wt 
1st 

m 

Mt 

£  s. 

5  0 

1  0 
0  10 
0  10 

2  0 

6  0 

*  Should  the  Teacher  have  instructed  any  Students  who  may  fairly  be  considered  to 
belong  to  the  industrial  classes,  but  whose  wages  are  paid  at  longer  intervals  than  a 
week,  or  who  do  not  support  themselves  by  their  own  manual  labour,  the  claims  on 
their  account  must  be  made  by  the  Committee  of  the  school  on  the  form  on  page  8, 
when  they  will  be  considered  on  their  merits. 
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SCIENCE  FORM,  No.  108. 


Applicatiou  from    ■.    . .    .  Secretary  of  the  Local 

Coimnittee  for  the  Science  School  or  Class  at 

for  payment  of  .allowance  for  duties  connected  with  the  School^  and  for 

superintending  the  examination. 


Sir, 

Being  entitled  to  payment  according  to  the,reg«iaiion9  of  the 
ScieHce  ** Directory* "  for  duties  connected  with  the  Science  Class  at 

and  for  superintending  the  arrangements 

for  carrying  out  the  examinations  on  ^____________.  the  following  days 

in  May  186    ,  I  request  that  the  sum  qf  £  ._^ -.  may 

he  paid  to  me,  being  the  authorized  fee, 

J)»te8  of  HTaminatton. .  Bfttes  of  Examinatiom  Batot  of  EzuniBation. 


I  am,  Sir, 

Your  obedient  Servant, 
The  Secretary, 
Science  and  Art  Department. 


-CONDITIONS  UNi>ER  WHICH  Apparatus,  Instrtjmbntr/  BaoKB, 

&C.    MAY    BE    OBTAINED    BY     SCIENCE    ScHOOLS    OR    CLASSES 
(TAjUGHTBY    A     TeACHER    CERTIFICATED     IN    SciBNCB),t    IN 

Public  Schools,  Mechanics*  I>fSTiTUTiON8,  &c. 

1.  The  Lords  of  the  Committee  of  Council  on  Education,  having  had 
under  their  ccmsideration  several  applications  from  the  managers  and 
masters  ^of  Mechanics'  and  other  Institutions,  for  grants  to  be  made  to 
them  of  Apparatus  and  Illustrations,  recommended  by  the  Science  and 
Art  Department  for  teaching  science,  think  it  necessary  to  adopt  some 
general  principle  which  shall  regulate  the  decisions  of  me  Committee  in 
reference  to  such  applications. 


•  ei  annually  for  famishing  the  returns,  4c.  specified  on  Science  Form  No.  170,  con- 
necsted  with  any  Science  school  or  class,  and  £1  in  addition  for  each  day's  examinAtion 
held  by  the  Committee  to  which  he  acts  as  Secretary. 

t  Apparatus  not  exceeding  lOZ.  in  value  may  be  obtained  by  poor  Schools  and  Me- 
chanior  Institutes,  not  taught  hv  a  certificated  teacher,  under  the  same  oonditions, 
that  is,  the  DeparUnent  willaid  them  to  the  extent  of  67. 
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Tbeir  Lordsbii)^  banre  already  fully  rooogi^ 
practicsal  acienoe  to  all.  classea  of  the  eonmuinity/  in  all  rebtioiui  of  life* 
They  are^  therefore,  denroua  that  the  Science  and  Art  Department  should 
assist,  as  to  as  possible,  in  jpromoting  the  distribution  of  diagrams  and 
apparatus  as  the  means  of  aocomi^^aihing  this  ob^tct*,  but  as  the  in- 
discriminate giffc  of  these  aids  for  instruction  to  all  applicants  might  lead 
to  abuse,  it  is  necessary  to  require  some  guarantee  tnat  the^  will  be  duly 
.  appreciated,  which  the  mere  request  to  have  them  does  not  imply. 

The  prindple  wluch  governs  the  whole  proceedings  of  the  Department 
in  all  its  branches  is  to  a£Pord  partial  aid,  and  to  encourage,  but  not 
supersede  public  exertions  in  promoting  education  in  science.  TTiey  have, 
therefore,  resolved  that  the  Department  shall  have  the  power  to  assist 
•  schools  and  classes  taught  b;^  a  certificated  teacher  in  Mechanics'  and 
other  institutions  in  purchasmg  diagrams  -and  apparatus  for  teaching 
science  at  a  reduction  of  50  per  oent.  on  the  net  cost. 

lists  of  tiie  scientifio  diagrams  and  iniparatus  mrepared  by  the  Depart- 
ment, according  to  conditions  of  the  following  Minutci  may  be  obtained 
of  the  Secretary  of  the  Sdenoe  and  Art  Department,  South  Kensinffton, 
London,  W.  It  should  be  distinctly  unaexstood  that  the  aid  .of  the 
Department  in  purchasing  these  articles  at  a  reduced  price,  if  above  10/. 
in  value,  can  be  granted  only  to  public  schools  and  institutions  when 
taught  by  a  certificated  teacher, 

MintUe  of  the  23rd  March  I860, 

^'The  Lords  of  the  Committee  of  Council  on  Education  desire  to  afford 
the  ^atest  facilities  to  teachers  of  science  and  navigation  schools  in 
obtaining  the  best  instruments,  apparatus,  &c.,  for  ffiving  instruction  in 
science  and  navigation,  towards  the  purchase  of  wnich  the  Science  and 
Art  Department  is  authorized  to  pav  50  per  cent,  of  cost;  and  they  con- 
sider that  the  Mlest  opportunities  should  be  given  to  manufacturers  in 
all  parts  of  the  Kingdom  for  supplying  such  apparatus,  &c.  At  the  same 
time  it  is  necessary  that  the  Science  and  Art  Department  should  have 
some  guarantee  that  the  apparatus  and  instruments  are  of  good  quality, 
and  moderate  in  price.  My  Lords  have  therefore  laid  down  the  following 
rules  and  conditions  :— 

"  1.  Samples  of  all  articles  on  the  manufacturer's  list  are  to  be  sent  to 
the  Educational  Collection,  South  Kensington  Musemn,  for  exhibition, 
where  they  will  be  arranged  separately,  according  to  the  science  for  which 
they  are  intended,  so  as  to  afford  teachers  and  others  facility  in  inspect- 
ing them  and  making  a  choice. 

"2.  The  manufacturer  is  to  supplv  priced  catalogues  of  such  articles 
printed  in  demy  8vo.,  in  order  that  the  various  catalogues  may  be  bound 
up  together  and  supplied  when  asked  for. 

"  3.  The  manufacturer  is  to  guarantee  that  the  articles  exhibited  are 
fEur  samples  of  those  specified  in  the  priced  catalogue,  and  he  must  engage 
to  take  back  any  article  supplied  to  schools  which  may  be  inferior  to  we 
standard.^' 

Manufacturers  willing  to  comply  with  these  conditions  are  to  make  a 
statement  to  that  effect,  and  to  send  lists  of  apparatus,  instruments, 
books,  &c.  in  the  following  sciences : — 1.  Practical  plane  and  descriptive 
geometry,  mechanical  and  machine  drawing,  and  building  construction ; 
2.  Physics  (mechanical  and  experimental);  3.  Chemist^;  4.  Geology 
and  mineralogy;  5.  Natural  history  (zoology  and  botany,  vegetable  and 
animal  physiology) ;  6.  Navigation  and  nautical  astronomy,  and  physical 
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geography.  If  these  lists  and  prices  are  such  as  can  be  approved  of^  the 
manufieMH;iirer  will  be  informed,  and  as  soon  as  possible  on  his  ftdfiUing 
the  conditions,  his  list  will  be  inserted  in  the  catalogue.  The  catalogue 
will  undergo  a  revision  at  least  once  a  year,  when  manufacturers  may 
send  any  improved  forms  of  apparatus,  &o. 

The  selection  of  the  manufacturer  mil  lie  wholly  with  the  Committee 
of  the  school.  On  their  demand  being  sanctioned,  the  manu&cturer  will 
receive  instructions  to  supply  the  articles  upon  his  receiving  the  50  per 
cent,  due  from  the  school. 

On  obtaining  a  receipt  from  the  Committee  of  the  school  (which  is 
included  in  the  form  of  the  requisition)  that  the  articles  have  been 
received,  the  remaining  50  per  cent,  will  be  paid  quarterly  to  the  manu* 
facturer  by  the  Departoient. , 

2.  Payments,  including  charge  for  packing,  must  be  made  in  advance 
to  the  agents  on  receipt  of  the  invoice.  The  goods  to  be  sent  at  the  risk 
of  the  purchaser. 

All  conmiunications  to  be  addressed  to  the  Secretary  of  the  Science 
and  Art  Department,  South  Kensington,  London,  W. 

By  Order  of  the 
Committee  of  Council  on  Education. 

N.B. — ^Apparatus  grants  will  in  future  be  rigorously  confined  to  articles 
of  a  permanent  and  non-destructible  nature;  hence  no  aid  wiU  be 
afforded  in  the  purchase  of  breakable  articles,  such  as  glass  retorts,  test 
tubes,  &c.,  or,  indeed,  generally  in  the  purchase  of  articles  to  be  used  by 
the  student  as  distinguished  from  those  of  a  permanent  and  illustrative 
character  which  are  required  by  the  teacher  in  giving  instruction  in 
science. 
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SCIENCE  FORM,  Ka  49. 

PoBU  of  Bbquisitiok  wbich  may  be  had  on  application  to  the  Secretary, 
Science  and  Art  Department. 

The  following  Beqpisltlon  for  Aid  in  purchasing  appantna,  fto.,  tffter  heinff  fXML 
MP  aa  required,  is  to  be  tranamitted  to  "The  Secretary  of  the  Science  and  Art 
Department,  South  Kensington,  London.  W." 

N^— It  is  to  be  understood  that  the  Department  has  a  lien  on  the  apparatus.  Sec, 
ftmiished  to  public  institutions  to  the  amount  of  the  public  aid  given  in  supplying 
them;  they  cannot  therefore  be  sold. 

1.  BEQUiBiTioir  for  Am  in  purchasing  apparatus,  Ac  ^^^  1^  M)p]i* 

For  the  use  of School  or  Institution  (»)  cation  to  bo 

In  the  City  or  Town  of  (•) &*«l.*4.l»y 


In  the  County  of— 


Having 
(»)  Erase  the 
words  that 
do  not  apply. 

and 


Male 


Female 


(•)  Pupils  (Artizansor  Operatives)  of  the  Science 
Class. 


(■)  Scholars  or  Members  of  Poor  School  or  Me- 
chanics Institute. 

Total. 


Requisitioxt* 
\Bt.wUh 
fuUpar^ 
tieulan. 


I  request  the  aid  of  the  Department  in  obtaining  from  M — — 

the  apparatus,  Ac.,  named  in  the  opposite  page,  and  I  undertake  that  the  same  shall  be 
kept  and  used  in  the  above-mentioned  (■)  school  or  institution  for  which  they  have 
been  demanded. 

The  address  to  which  the  parcel  is  to  be  sent  is  as  follows :~ 

To  be  forwarded  to — — — — 

per at 


Dated  this- 


Signature  of  Bequisitionist. 

-day  of 186   . 


iition  sent  toM- 


day  of  - 


.186 


and  authority  given  for  the  supply  of  Articles  to  the  extent 
of 


of  which  £- 


Net  Sum 
-will  be  paid  by  the  Department,  and  £- 


Agent, 


,  No.  2  to  be 
-filled  in  by 

the  Depart* 

ment. 


-,  together  with 


the  cost  of  packing,  by  the  school  or  institution,  previous  to  the  goods  being 
applied. 

, Assistant  Secretary. 


3.  Invoice  of  articles  sent  to  Requisitionist  as  under,  this- 

of 186    . 

Articles  (Retail  Price) 
Deduct  as  above^— 

Aid  by  Department    •         -         -  -I 


Add,  for  packing 
Total  to  be  paid  by  Bequisitionist 


day  No.8tobe 
filled  in  by 
agent  on 
transmis- 
sion of  the 
invoice. 


4  Amount  £- 


-received  from  schools  this- 
-186    . 


— day  of  Nos.  4  and  6 

^      to  be  filled 
-Agent,     in  by  agent. 


5.  Examples  forwarded  as  directed  above,  together  with  Eequisition,  this 

day  of 186    . 

Agent.     -,    --    . 

6.  Examples  as  per  invoice  received,  and  ♦Requisition  returned  to  Agent,  this Jfo*  ?  ?^  P® 

day  of 186    .  S?^«dinby 


Requisitionist.     Requisition- 


*  It  is  requested  this  paper  may  be  returned  to  the  Agent  in  an  entire  state  after  the 
'     •  I  receiver' 


examples  have  been  received. 
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SCIENCE  FORM,  >^o.  91. 


Rules  for  the  Conduct  op  Science  Examinations. 

1.  The  following  rules  must  be  hung  up  in  the  examination  room  for 
the .  information  of  the  candidates  one  week  before  the  examination. 
Tliey  should  all  be  carefully  read  by  the  members  of  the  Committee.  ^ 
Those  marked  with  an  asterisk  must  be  read  aloud  before  the  C(snmittee ' 
and  the  candidates  on  each  night  immediately  before  the  examination 
begins. 

2,  A  room  or  rooms  of  such  a  size  that,  when  seated,  the  candidates 
shail  be  at  least  five  feet  apart,  firom  centre  to  centr6/  must  be  provided 
for  the  examination. 

*  3.  All  Diagrams,  &c.  must  be  removed  from  the  walls  of  the  examina- 
tion room. 

4.  Ink  and  blotting  paper  must  be  provided. 

6.  If  one  room  is  used  three  of  the  Committee  must  be  present  during 
the  whole  of  the  examination,  if  more  than  one  room  then'  two  of  the 
Committee  per  room,t  who  must  carefully  watch  the  whole  examination 
and  see  that  candidates  use  no  unfair  means  either  b^  assisting  one 
another  or  using  books  or  notes.  The  members  of  -the  -Committee  can, 
if  they  wish  it,  relieve  one  another,  so  long  aai  thQ  correct  nmiber  ^re., 
always  present,  .  .:...... 

6.  The  examination  papers  will  be  forwarded,  ijndQr  coyer,  to  the 
Secretary  of  the  Committee  so  as  to  be  received  by  him  on  the  morning  . 
of  the  day -before  that  fixed  for  the  examination, H  --  -- '  ~~-    , 

*7.  The  candidates  must  be  seated  at  their  places-at  6.50  p.m.  After 
this  time  no  candidate  shall  be  admitted  except  under  very  exceptional 
circumstances,  and  that  only.by  express  permission  }0i  the  Coinmitt«B 
and  if  no  person  who  has  seen  tk&  examination  paper  hbas  left  the  room. 
No  candidate  may  on  any  account  be  admitted  after  7.30  p:m.        J, 

*  8.  The-exammation  papers  must  be  opened  inthe  examination  room 
in  the  presence  of  the  Committee,- at  6.55  p.m.  No  examination  paper 
may  be  taken  from  the  room  till  after  8  p.m. 

*9,  When*  the  candidates  are  seated  and  the  papers^fen  but,  the! 
Committee  will  see  that  the  candidates  commence  bv  filling  in  their  nameSt. 
&c:,  where  directed.  All  the  worked  papers  must  be  collected  at  10  p.m., 
initialed,  put  under  cover,  and  sealed  in  the  presence  of  the  members  of 
the  Committee ;  and  forwarded  by  the^r^^  post  to  the  Secretary  of  the 
Science  and  Art  Department.        - 

*  10.  Candidates  must  on  no  account  bring  anythingi?ith*thfem  into  the 
exan^ination  TOom,X  except  pens  a^d  pencils.  .  No  scribbling[,p9fcpter,  slates, 
or  anything  of  that  nature  must  be  allowed.  Arrangements  must  be 
madfcby  which  all  books,  note-books,  &c.,  can  be  given,  up  and  left  at  the 
door..  ..  .        -- 

*  11.  Candidates  must  not  on  anj  pnstence  whatever  spieak  to  one 
another  after  the  papers  have  been  given  out.  §  If  a  candidate  should 
require  to  ask  a  question,  he  will  hold  up  his  hand,  when  a  member  Qf 
the  Committee  will  attend  to  him,  but  no  auesidonon  the- meaning  of 
any  portion  of  the  examination  paper  must  be  asked  or  answered. 

12.  It  maybe  of  service  to  the  Committee  that  the  teacher  of  the 

t  When  there  are  not  more  than  three  candidates  it  wUl  not  be  necessary  for  moro 
than  two  members  of  the  Committee  to  be  pi^esent  at  the  examination. 

t  Except  in  the  drawing  examination,  when  drawing  instruments  are  allowed. 

§  It  is  absolutely  necessary  that  nothing  that  can  be  passed  fh)m  one  candidate  to 
another  should  be  allowed.  Kough  work  and  calculations  must  be  done  on  the  supi^lied. 
form,  the  back  of  each  leaf  of  the  form,  i^..  pages  2, 4. 6,  and  8,  may  be  reaenred  for  this 
purpose,  the  pen  being  drawn  through  to  show  that  tney  are  not  tor  the  exandcer.  But . 
nothing  must  be  torn  off  the  form. 
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class  should  attend  before  the  exanunation  to  assist  in  getting  the 
candidates  into  their  places,  &c. ;  but  from  the  peculiar  character  of  the 
examination  begins  it  is  so  very  necessaiy  that  not  the  slightest  opportunity 
for  misconstruction  should  exist  that  it  is  evident  that  he  shoula  not  be  in 
the  room  afteif  the  exammation  papm  are  opened.  Information  of  hia 
having  rexnaiued  in  the  room  after  this  will  at  onee  lead  to  the  examina- 
tion being  declared  null.* 

*  Id.  "jRie  examination  papers  being-  W^^^  ^^^  ^^  candidate  must  be 
allowed  to  return  aftar  having  once  left  the  room.f  On  a  candidate 
leaving  the  room  his  papers  must  be  taken  up. 

*  14.  At  10  p.m.,  precisely,  aU  the  candidates  must  cease  working,  and 
members  of  the  Committee  will  collect  their  worked  papers  ^m  them 
at  their  places.  It  will  therefore  be  advisable  to  warn  them  ten  minutes 
before  the  time.  The  papers  will  be  initialed,  by  the  Committee  as. 
directed,  vis  t^hey  are  received  from  each  candidate,  as  a  guarantee  that 
each  has  been  worked  by  him  whose  name,  &c.,  it  bears.  Should  a 
candidate  have  completed  his  work  before  10  p.m.  he  may,  by  permission 
of  the  Committee,  go  away  at  once,  after  his  worked  paper  has  been 
taken  by  a  member  of  the  Committee.  ,    .. 

*  15.  Should  a;  candidate  break  any  of  the  foregoing  rules,  ask  from  or 
give  information  to  another,  or  use  unfedr  means  of  any  description,  he 
must  be  at  once  expelled  the  examimition  room,  and  his  paper  cancelled, 
and  the  Committee  will  state  on  it  the  cause  of  his  expulsion.^ 

16.  On  these  examinations  depend  large  grants  of  public  money.  On 
their  being  fsdrly,  honestly,  and  impartially  carried  gut  depends  the* 
continuance  of  the  system.  The  Committees  are  intrufited  with  this 
duty*  "They  will  see,,  then,  how  necessary  it  is  to  be  extrfemcly  careful  in 
conducting  them,,  and  to  insist  on  the  foregoing  rules  being  complied 
with  to  the  letter.  They  are  therefore  required  U>  ^gn  and  forward  this 
form  with  each  set  of  worked  papers.  .      ,   . 

We,  the  imdersigned,  jnembers  of  the  Coininittee  of  the  Science 
School  or  Class  held  at ,  •  .  •   '  ^, • 

hereby    certify   .&at   we   were   pesent    during    the   examination  .in 
• ._  held  in  the  -  . 

on  the. evening  of  the  "        *        "-,  where  the  accbmpanvitig 

papers  were  worked  in  op  presepce,  and  that  the  foregoing  rul^s  have 
been  stnctjycorirplied  with.  •    ..  ' 

Elated  this  '        day  of  -        "       186    . 


-    '  •'  ' 

.  ;  '      .•....,.'.-*:■■■ 

•  -     ■     '  •■    • 

*        ■                  ■'                               -, 

•Should  the  teacher  of  the  class  wish  to  compete  at  this  examination  for  the  Eoyal 
Exhibitions  of  the  Eoyal  School  of  Mines,  he  must  apply  specially  to  the  Committee 
for  permission,  so  that  th^  may  arrange  tor  haye"  a  tsra©  for  him  close  to  their  own 
seats,  and  not  with  the  other  candidates. 

t  It  will,  therefore,  be  desirable  to  make  some  arrangement  for  the  candidates  to 
retire  within  the  room. 
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SYLLABUS  OP  THE  SUBJECTS  IN  WHICH  CEBTIFI. 
GATES  AS  TEACHERS  OF  SCIENCE  ARE  GIVEN 
BY  THE  DEPARTMENT  OF  SCIENCE  AND  ART. 


The  following  Syllabus  has  been  prepared  in  order  to  afford  candidates 
for  certificates  as  teachers  of  Science,  some  guide  to  their  reading ;  but 
it  must  be  understood  that  the  questions  in  the  examination  need  not 
necessarily  be  on  the  specific  points  enumerated. 

The  examination  is  by  paper,  but  oral  examination  may  be  resorted  to, 
and  satisfactory  evidence  may  be  required  of  the  teacher's  power  of  giving 
information  to  a  class.  The  groups  are  divided  as  shown,  the  examina- 
tion in  each  subject  being  distinct,  so  that  candidates  may,  if  they  desire 
it,  take  a  certificate  only  in  one  subject  of  a  group.  Mention  is  made  of 
text-books  solely  to  afford  a  candidate  some  assistance  in  selection  and  a 
general  idea  of  the  scope  of  the  examination,  and  not  at  all  to  confine  his 
reading  to  those  works  or  to  assert  that  they  are  the  best  on  the  subjects 
they  treat  of. 

Any  certificate  obtained  at  the  examination  may  be  raised,  by  re- 
examination, in  the  next  or  an^  following  November  to  a  higher  grade. 

A  Course  of  Lectures  as  detailed  below,  on  "  Preparation  for  obtaining 
*'  Science  Certificates  and  the  Method  of  teaching  a  Science  Class,"  has 
been  delivered  by  direction  of  the  Lords  of  the  Committee  of  Council  on 
Education.  The  lectures  may  be  purchased,  price  2d.  each,  at  the  book 
stfdl.  South  Kensington  Museum,  or  on  application  by  letter,  enclosing 
postage  stamps,  to  the  Secretary,  Department  of  Science  and  Art,  South 
Kensington,  London,  W. 
Group  I.    -  Geometrical  Drawing,  &c.  Prof.  T.  Bradley. 

„      IL  -  Mechanical  Plbrsics         -  Rev.  B.  M.  Co\de,  M.A. 

„      III..  Experimental  Fhysics      -  Prof.  Tyndall,  F.R.S. 

„       IV..  Chemistry      -        -        -  Prof.  Hofinann,  F.R.S. 

„      V.  -  Geology  ...  Prof.  Ramsay,  F.R.S. 

Mineralogy,  &c.     -        -  Prof.W.  W.  Smyth,  M.A.,F.R.S. 

„      VI.  -  Zoology  -        -        .  Prof.  Huxley,  F.R.S. 

„      VII.  Botany  -        -        .  Edwin  Lankester,  M.D.,  F.R.S. 

Navigation  and  Nautical  J.  Riddle,  F.RA.S. 

Astronomy. 
Physical  Geography        -  Dr.  G.  Kinkel,  F.R.G.S. 

A  Second  Course  has  been  delivered,  of  which  the  following  have 
been  published : — 

Lecture  I.  -  Vegetable   Physio-  Edwin  Lankester,  M.D.,    drd  February. 

logy  and  Econo-      F.RS. 

mic  Botany. 
Lecture  II.    Mechanical  Physics  Rev.  B.  M.  Cowie,  B.D.  10th  February. 
Lecture  IV.  Mining         -       -  W.  W.   Smyth,  M.A.,  24th  February. 

F.RS. 
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SYLLABUS. 


A  teacher  will  not  receive  any  payments  for  Subjects  IL  or  IIL  until 
he  is  certificated  in  L 

Subject  X. — Practical  Plane,  and  DeacriptiTe  Geometry. 

Practical  Geometrv,  plane  and  solid  j  required  by  architects,  engineers, 
mechanists,  snipbuilders,  and  others  employed  in  arts  of  construe* 
tion. 

The  candidate  is  expected  to  have  acquired  readiness  in  the  use 
of  the  usual  drawing  instruments  and  materials,  to  be  skilful  in  drawing 
lines  and  circles  in  Indian  ink,  plain  or  dotted,  of  different  degrees  of 
fineness ;  drawing  parallel  equi-distant  lines,  at  least  six  inches  long, 
and  from  five  to  twenty  or  thirty  in  an  inch ;  drawing  from  ten  to  thirty 
lines,  passing  through  one  point  and  forming  equal  angles ;  dividing  by 
trial  lines  and  arcs  into  any  number  of  equsJ  parts.  He  should  also  be 
able  to  mend  his  drawing  pens  and  other  instruments,  and  to  verify  his 
rulers,  &c. 

Constructions  in  Plane  Geometry^ 

1.  To  draw  lines  through    driven    points,    in    every  position,    either 

parallel,  perpendicular  to,  or  to  form  any  proposed  oblique  angle, 
with  given  hnes. 

The  use  and  construction  of  the /yrofnzc^or,  and  of  the  "scale  of  chords'* 
for  these  purposes,  should  be  understood,  and  Uie  deduction  of  certain 
angles  from  the  direct  division  of  the  circle. 

2.  To  draw  circles  or  arcs,  through  given  points,  to  touch  given  lines  or 

circles,  and,  conversely,  lines  to  touch  circles. 

Required  in  drawing  framework  for  machinery,  architectural  designs, 
ornamentation,  &c. 

3,  The  principles  of  drawing  symmetrical  forms  by  means  of  co-ordinates 

to  the  axis  of  symmetry. 

This  is  the  basis  of  all  drawings  of  all  objects  of  construction,  which 
are  universally  synmietrical,  not  only  in  architecture,  civil  and  naval, 
but  in  machinery  and  engineering  works  of  all  kinds. 

4.  Constructions  of  figures  similar  to  given  rectilinear  or  mixtilinear 

figures. 

Here  the  construction  and  use  of  '< scales'*  plain  and  comparative, 
should  be  thoroughly  understood  and  explained,  and  the  princii>les  of 
the  diagonal  and  Uie  vernier  subdivision.  Also  the  mode  or  reducing  or 
enlarj^mg  drawings  by  means  of  similar  rectanjirles,  termed  squaring  a 
drawing.  The  use  oi  the  sector  and  of  proportional  compasses,  and  of 
the  pentagraph  and  eidograph,  in  facilitating  copying  should  be  known. 

5,  To  construct  rectilinear  figures  similar  to  given  ones,  but  with  a  pro* 

posed  area. 

6,  To  determine  by  donstruction  numerical  quantities  such  as  a/  m ; 

^^;  ^a«±b»,  &c. 
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7.  To  construct  a  triangle,  any  three  parts  being  given. 

Used  in  levelling,  surveying,  and  the  determination  of  heights  and 
distances.  Great  accuracyi  neatness,  and  distinctness  of  construction, 
will  be  insisted  on :  Geometrical  drawing  is  valueless  unless  it  possesses 
these  requisites.  A  fi^w  illustrations  c^  constructions  on  the  ground,  by 
means  of  a  ''  chain,"  pins  and  cords,  necessary  in  surveying,  and  '*  setting 
out "  buildings  and  earthworks,  may  ^e  added  to  the  course,  as  well  as 
the  solution  of  a  few  elementary  problems  by  means  of  the  compasses 
alone.  .  . 

8.  llie  delineation  of  a  few  of  the  curve  lines  required  in  the  arts,  such  " 

as  the  ellipse,  cycloidal  curves,  the  involute  and  sinusoid,  with  the 
graphical  methqd  of  determining  their  tangents  and  nonnals> 

Required  in  designing  elliptic  arches,  oblique  bridges,  teeth  of  wheels, 
caxQ-work,  screws,  &c. 

9.  Practice  in  tinting  and  shading  with  Indian  inkj  so  as  to  express 

curved  surfaces  and  shadows. 

For  the  preceding  part  of  the  course,  a  fair  knowledge  of  the  B^  six 
books  of  EucUd  is  strongly  enjoined,  some  acquaintance  alsp  with 
trigonoxnetry  will  be  of  service,  as  without  rach  previous  knowledge, 
the  learner  is  simply  cq)ying  what  is  det  before  him,  and  cannot 
attain  the  highest  skill  in  dimwing.    -,    * 

Constructions  in  Solid  Geometry. 

(^Descriptive, Geovf^try,) 

Preceded  by  explanations  of  the  term  jprqjection,  and  of  the  necessity  r 
for  it,  m  order  to  express  graphically,  on  a  surface,  solids  of  aiiy ' 
^    kind  5  the  distinction  between  orthographic  and  perspective  prqjec 
tions  J  their  uses,  and  general  principles  which  £d:e  tne  fouhda^on 
of  th«ir  practical  appli^tion*   . 

Orthographic  Trqjecfibn, 

Why  the  projections,  of  any  solid  consisting  of  a  combination  of " 
geometric  forms,  on  two  or  three  co-ordinate  planes  are  necessary  to 
show  the  form  and  dimensions  of  that  solid. 

Meaning  of  the  terms  plan,  elevation,  profile,  section.    The  principle  of,, 
the  representation  o^' surfaces  by  the  projections  of  their  generators/  * 
or  of  equi-distant  horizontal  sections  termed  contours.  Th6  direc^on 
and  indinaition  of  an  indefinitely  textended  plane'  given  by  its  con- 
tours, or  by  i^'trates  on  any  two  co-ordinate  planes. 

These  principles  should  be  auite  famiUar. to  the  candidate,  and  will.be 
tested  by  making  him  araw  plans,  elevations,  and  sections  of  simple 
sohds,  as  prisms,  pyramids,  cones,  spheres,  cylinders,  and  of  sym- 
metrical solids  formed  by  their  combinations. 

A  few  of  the  problems  relating  to  points,  lines,  planes,,  and  curved  sur- 
faces, will  be  required,  as — 

1.  To  draw  lines  and  planes  parallel  or  perpendicular  to  each  oilier,  to 

contain  given  points  or  lines,  and  the  limits  of  the  possibility  pf 
-     solution  of  any  problem  should  always  be  understood. 

2,  The  preceding  constructions  combined  and  applied  to  'determine  by 

their  projections  the  simple  solids  before  mentioned,  when  they  are 
not  symmetrically  situated  with  respect  to  the.  supposed,  planes  of 
projection. 
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3. ^Applications  to  the  intersections  of  surfaces,  and  of  the  development 
of  such  as  admit  of  it. 

This  may  be  considered  the  most  important  part  of  descriptive  geome- 
try to  the  artizan,  as  it  is  required  in  all  arts  or  construction.  The  mason, 
carpenter,  and  shipwright,  workers  in  tin-plate^  boiler  makers,  &c.,  would 
all  be  benefited  by  a  knowledge  of  it. 

This  application  has  been  termed  Stereotomy,  ahd  better  and  moi^ ' ' 
aienificantly  in  French,  "  Coupe  de  pierres." 

Muchpractical  knowledge  of  the  subject,  arising  from  their  pursuits, 

is  possessed  by  worknien,  while  the  want  of  a  scientific  knowledge  of 

it  compels  architects,  engineers,  and  their  drawing  clerks  to  leave  to 

'i  the  workmen  the  execution  of  their  conceptions  which  they  cannot 

themselves  design. . 

4.  The  solution  by  eonstruetion  of  the  spherical  triangle  from  any  three 
given  parts,  is  mentioned. 

Aa  important  to  masters,  mates,  and  bthei^  engaged  in  any  kind  of 
astronomical  ealeul^tioni^  .. 

Isometric  Projection. 
Is  usefully  employed  in  the  representation  of  works  chiefly  of  a  rectan-  " 
gular  form,  such  as  timber  framing,  canal-locks,  and  many  parts  of 
'  r  niachinery ;  its  use  is  much  increasing :  it  is  readily  understood, 
'[  *  and  can  be  practised  by  anyone  who  has  gone  through  the  first  two 
•  articles  of  this  section. 

Perspective  Projection, 

Atay  be  taken  up,  but  will  hot  be  insisted  on  as  it  is  rarely  used  except 
by  architects  to  represent  buildings  (not  yet  executed),  as  they  would 
•appear  to  the  eye  at  any  spot  from  which  they  could  be  viewed,  and 
the  power  of  applying  it  for  this  purpose  is  possessed  by  many  who 
know  little  of  the  really  easier  subject  of  descriptive  geometry ;  but 
as  its  application  by  the  architect  must  be  subordinated  to  artistic 
taste,  this  consideration  excludes  it^  in  some  measure,  from  a  purely 
.  geometrical  course. 

No. one,  however,  can  be  considered  a  scientific  draughtsman  unless  he 
can  apply  perspective  projection  to  the  projection  of  shadows,  the 
projections  of  the  sphere,  the  constructions  of  maps  and  dials,  and 
some  other  uses. 

Fir- the  second  division  of  this  course,  in  addition  to  what  was  before 
indicated,  a  competent  knowledge  of  the  theorems  relating  to  the 
line  and  plane  (Euclid,. 3ook  XL),  and  an  acqu^ntance  with  the 
lea^ng  properties  of  the  conic  sections,  the  geometry  of  the  sphere, 
and  some  spherical  trigonometry  is  important,  it  cannot  be  too 
urgently  recommended  to  all  persons  wisning  to  master  tlus  course, 
to  study juch  works  as  "  Geometry,  Plane,  Solid,  and  Spherical " 
of  thexXbrary  of  Useful  Knowledge,  and«Mr.  Bell's,  in  Chambers* 
Educational  Course. 

Geometry,  Plain,  Solid,  and  Spherical  (lAhTSiTy  of  Useful  Knowledge)  is  es- 
pecially recommended  as  a  work  to  be  studied  on  Theoretical  Geometry. 

Text-Books  for  Practical  Plane  Geometry. — Bradley's  Geometrical  Draw^ 
i%g;  Burchett's  Practical  Geometry ;  Practical  Geometry,  Ldnear  Per- 
spective and  Projection  (Library  of  Useful  Knowledge). 

For  Descriptive  Geometry. — Bradley's  Geometrical  Drawing ;  U&lVs  Ele- 
ments of  Descriptive  Geometry  for  Students  in  Engineering. — Heather's 
Descriptive  Geometry,  Also  the  following  French  Works,  which  are 
mentioned  in  consequence  of  the  great  deficiency  of  English  Works 
*on  Geometrical  Drawing. — Ellens  de  G^om^tne  Descriptive,  par  S. 
!F.  Lacroix ;   Traits  de  Giom^trie  Descriptive,  par  Levebure  de  Fourcy ; 
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'Nouveau  Cours  raisonn^  de  Dessin  Industriel,  par  Armengaud,  ain^, 
et  Annengaud,  jeune,  et  Amourous ;  Bardin's  Works  on  Descriptiye 
Geometry. 

Subject  XX. — Mechanical  and  Machine  Drawing-. 

Tke  candidates  in  Subjects  11.  and  III.  will,  some  time  before  the  ex* 
amination,  have  specifications  of  subjects  given  to  them,  of  which  they 
will  be  required  to  prepare  drawings  before  the  examination.  These 
drawings  must  be  bond  fide  their  own.  The  candidates  may  be  examined 
on  them,  and  if  the  results  be  satisfactory,  they  will  count  towards  their 
certificates,  but  they  will  only  be  taken  into  consideration  when  it  is 
clearly  seen  from  the  regular  examination  that  the  candidate  is  qual^ied 
for  a  certificate. 

The  application  of  the  foregoing  Subject  I.  to  the  drawing  of  ma- 
chinery, in  which  great  accuracy  and  neatness  of  drawing  will  be 
insisted  on. 

The  candidate  will  be  required  to  take  measurements  with  calipers,  &c., 
and  to  make  drawings,  elevations,  and  sections  of  a  simple  machine, 
or  of  parts  of  one,  set  before  him.  Also  to  draw  a  portion  of  a 
machine  from  written  dimensions  and  description.  He  will  be 
required  to  have  sufficient  knowledge  of  the  principles  of  machinery, 
gearing,  &c.,  to  be  able  to  make  working  drawings  of  a  machine  or 
portions  of  a  machine  from  a  rou^h  sketch,  applying  the  power  to 
the  greatest  advantage,  and  obtaming  such  power  or  changes  of 
motion  as  are  required.  In  fine,  such  kuowledge  and  readiness  as 
would  be  required  of  a  good  draughtsman  in  an  engineer's  office. 

Subject  IXI.— Building^  Construction,  or  Nairaf 
Architecturea 

(See  previous  Subject.) 

The  candidate  will  be  required  to  possess  sufficient  knowledge  of  con- 
struction— (1)  to  apply  the  various  materials  used  in  building  to  their 
greatest  advantage ;  (2)  to  be  able  to  make  detail  and  working  drawings 
showing  a  knowledge  of  the  methods  of  construction  and  the  framing 
of  ordinary  roofs,  bridges,  &c.,  whether  of  wood,  iron,  or  masonry ; 
(3)  to  frame  estimates  and  take  out  quantities. 

Neatness,  accuracy],  and  facihty  in  drawing  will  be  insisted  on,  and 
the  general  requirements  in  this  Subject  will  be  such  as  would  be 
possessed  by  a  good  draughtsman  in  an  architect  or  builder's  office, 
with  a  slight  scientific  knowledge  for  the  proper  apphcation  of  the 
materials  he  is  required  to  work  with. 

N.B. — Naval  Architecture  maybe  taken  instead  of  BiiiMi^Construc- 
tion ;  the  same  description  of  attainments  will  be  required. 

Subject  XV. — ^Elementary  Mathenkatics. 

1.  Arithmetic  generally. 

2.  Geometry. — ^The  properties  of  lines,  triangles,  rectilinear  figures,  the 

circle ;  properties  of  similar  figures ;  proportion  of  figures ;  inscribed 
and  circumscribed  polygons.  The  questions  will  have  reference  to 
Euclid's  elements ;  but  a  sound  knowledge  of  Geometry  obtained 
from  any  source  will  be  accepted. 

3.  Algebra. — Definitions.      Addition.      Subtraction.      Multiplication. 

Division.  Greatest  common  measure.  Least  common  multiple. 
Theory  of  indices  (integral).     Involution.      Evolution.      Simple 
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equations,  and  problems  producing  them.  Fractions.  Quadratic 
equations,  and  problems  producing  them.  Ratio.  Proportion. 
Variation.  Arithmetical,  geometrical,  and  harmonical  Progressions. 
Permutations,  and  Combinations.  Binomial  theorem  for  a  positive 
integral  index. 
4.  Plane  Trigonometry, — Definitions.  Conversion  of  degrees  and  theirsub- 
divisions  into  grades,  and  their  subdivisions,  and  vice  versd.  Angular 
and  circular  measures  of  degrees  and  their  relation .  The  goniometric 
functions  of  angles  and  tne  conversion  of  one  into  another.  The 
arithmetical  values  of  the  goniometric  functions  of  90°,  45°,  60°,  30°, 
180°,  120°,  150°,  &c.  The  meaning  of  contrariety  of  signs  in  trigo- 
nometry. Tracing  of  the  goniometric  functions  in  magnitude  and 
algebraic  sign  through  the  four  quadrants  and  when  an  angle  is 
indefinitely  increased. 
Formulae  for  multiplication  and  division  of  angles,  ^dz.,  sine,  cosine, 

tangent,  &c.,  of  {A  ±  B\  2A,3A,^,  and^'    Also  of -4  andB  in 

,A  +  B      .Aj-B, 

terms  of — « —  and — s — 

Logarithms. — Definition.  Multiplication,  Division,  Involution  and  Evo- 
lution by  logs.    The  use  of  logarithmic  tables.    Tables  of  propor- 
tional parts  for  numbers  and  angles.      Modulus.      Construction 
of  logarithmic  tables,  and  of  tables  of  logarithmic  sines,  cosines,  &c. 
IViangles, — Formulae  for  cosine  of  an  angle  of  a  triangle  in  terms  of  its 
sides,    llie  relation  between  sines  of  angles  and  the  opposite  sides ; 
sine,  cosine,  tangent,  &c.,  of  half  an  angle  of  a  triangle  in  terms  of 
sides,  and  of  the  sine  of  an  angle.     Area  of  a  triangle.     Solution  of 
triangles.   Diameters  of  circles  inscribed  in  and  circumscribed  about 
a  given  triangle.    Areas  of  regular  polygons  inscribed  in  and  cir- 
cumscribed about  a  given  circle.     Area  of  a  circle.     Description  and 
use  of  vernier  and  theodolite  and  sextant  (generally).     Heights  and 
distances  of  inaccessible  objects. 
For  students  to  pass,  a  competent  knowledge  of  the  following  alone 
will  be  required : — 
(1.)  Geometry.    The  first  book  of  Euclid. 
(2.)  Algebra,  to  simple  equations  and  problems  (inclusive). 
(3.)  Plane  trigonometry.     The  more  elementary  portions,  including 
use  of  logarithms. 
To  obtain  an  honourable  mention : — 

(1.)  Geometry,    llie  first  three  books  of  Euclid. 

(2.)  Algebra,  to  quadratic  equations. 

(3.)  Plane  trigonometry  as  far  as  solution  of  triangles,  inclusive. 

(fe)  0|hiii    1    lip  vhj    m    (km    i         !■  T  ||||1|!'    1   liiiiii    1 

And  for  third,  second,  and  first  class  Queen's  prizes  the  remaining 
portion  of  the  above  subjects. 

Subject  v.— Higher  Mathematics. 

1 .  Algebra. — Surds.    Theory  of  indices  (fractional  and  negative).    Bi- 

nomial theorem  generally.  Multinomial  theorem.  Exponential 
theorem.  Indeterminate  equations  and  problems.  Indeterminate 
coefficients.    Reversion  of  series.    Properties  of  numbers. 

2,  Plane  Trigonometry. — De  Moivre's  theorem  and  the  expansion  of 

sine,  cosine,  and  tangent  in  terms  of  the  angle. 
Spherical   Trigonometry. — Definitions    and    fundamental  propositions. 
Polar  or  siipplemental  triangle  and  its  properties.  Area  of  a  spherical 
triangle.     Spherical  excess. 
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Fundamental  formulae  expressing  tlie  relations  of  the  sides  and  angles 
of  a  spherical  triangle. 

Napier's  analogies. 

Solution  of  right-angled  spherical  triangles  and  of  oblique  angled 
triangles. 
'Merisuration, — ^Trapeziums.  Regular  plane  rectilinear  figures.  Irregukr 
plane  curvihnear  figures  (Simpson's  or  Stirling's  Rules).  Volumes 
and  surfaces  of  Parallelopipeds,  Pyramids,  (^hnders.  Cones,  and 
Spheres. 
Differential  and  Integral  Calculus. — Definitions.  Differential  of  ele- 
mentary functions,  including  circular  and  logarithmic  functions. 
Vanishmg  fractions.  Maxima  and  minima  of  one  independent 
variable.  Tangents  and  normals  of  curves.  Differential  coefficients 
of  Areas,  Arcs,  Volumes  and  surfaces  of  sohds  of  revolution. 

Integration  of  elementary  functions.  Integration  by  parts.  Rational 
fractions.  Integration  between  limits.  Areas  and  lengths  of 
simple  curves.     Volumes  and  surfaces  of  solids  of  revolution. 

Subject  VZ.— Mechanics  as  a  Science,  or  Theoretical 
Mechanics. 

Statics.  Composition  and  resolution  of  forces.  Forces  acting  on  a 
point — on  a  rigid  body.  Parallel  forces.  Centre  of  gravi'ty.  Theory 
of  moments  or  couples.  Principle  of  virtual  velocities.  The  mecha- 
nical powers.    Friction.     Equihbrium  of  roofs  and  arches. 

Dynamics.  Laws  of  motion.  Uniformly  accelerated  motion.  Motion 
by  gravity  Variable  forces.  Projectiles.  Centrifugal  force.  Motion 
on  inclined  planes — on  curves.  Pendulums.  Motion  of  rigid  bodies, 
free  or  constrained.  Moment  of  Inertia.  Centre  of  oscillation — of 
percussion.    Motion  of  flexible  bodies,  such  as  a  musical  string. 

Hydrostatics,  Hydrodynamics,  and  Pneumatics.  Mechanical  properties 
of  liquids.  Law  of  pressure.  Centre  of  pressure.  Laws  of  floating 
bodies.  Capillary  attraction.  Laws  of  fluid  motion,  through  open 
channels,  closed  jjipes,  or  orifices. 

Mechanical  properties  of  elastic  fluids.  Theory .  of  barometers.  Con- 
nexion between  pressure,  temperature,  and  volume.  Specific  heat. 
Weight  of  atmosphere.    Use  of  barometer  in  calculating  heights. 

In  this  subject  the  candidate  will  have  to  show  a  mathematical 
knowledge  of  the  laws  of  Mechanics,  and  must  be  able  to  prove  from 
first  principles  the  principal  theorems. 

The  books  recommended  for  study  are — Whewell's  Elements  of  Mecha- 
nics, ,or  Snowball's;  Moseley's  Engineering  Architecture;  Natural 
Philosgphv,  by  Dr^Golding  Bird  and  Mr.  Brooke:  Goodwin's 
'Mementdry  UourA,       '       "  -^— ***— *-*'****<*«*«^^^*^^'*^ 

Subject  VIZ. — Mechanics  as  an  Art,  or  Applied  Mechanics. 

General  principles  of  mechanism.    Elementary  combinations.    "When  the 

connexion  is  by  rolling  contact,  shding  contact,  wrapping  connectors 

or  linkwork,  with  constant  or  varying  velocity  ratio,  and  constant  or 

varying  directional  relation. 
Machines  of  ordinary  occurrence  must  be  thoroughly  understood  and 

particular  parts  to  be  described  and  drawn  :  such  as  cranes ;  lathes ; 

drills:  planing,  punching,  boring,  shaping,  and  slotting  machines. 

Spinning  and  weaving  machinery.    Mode  of  calculating  power  of 

machinery.    Dynamometers,  indicators,  &c. 
Materials.    The  general  properties  of  materials.    Elasticity.    Weiglit. 

Specific  weight.     Mecnamcal  work.     Work  done  by  pressure,  by 
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impacrt^  by  expansion  of  elastic  gases  and  steam,  by  animal  muscular 
e£Port. 

Resistance  to  expansion,  to  compression,  to  rupture.  Friction  of 
solids.  Its  importance  in  construction.  Resistance  of  fluids  to 
bodies  moving  within  them.  Adaptation  of  form  and  material  for 
maximum  resistance.  Beams  of  greatest  strength.  Construction  of 
roofs,  arches,  stone  and  timber  bridges,  suspension  bridges,  and 
tubular  girders. 

Hydrostatics,  Hydrodynamics,  and  Pneumatics.  Pressure  on  flood- 
gates  ;    locks  ;    water-wheds ;    turbines ;    water-pressure  engines ; 

^'  breakwaters.  Hydrometers.  The  syphon.  Hydraulic  ram.  Pumps. 
Diving  bell.  Condenser.  Windmills.  Steam-engines,  stationary 
marine,  locomotive.  The  steam  hammer.  Water  supply  to  towns. 
ITieory  of  tides,  in  the  open  sea,  and  in  rivers. 

In  this  subject  the  candidate  wiU  be  expected  to  show  how  the 
principles  are  applied  in  actual  practice :  he  will  be  expected  to  show 
by  dear  well-drawn  sketches,  his  acquaintance  with  parts  of  machines. 

The  candidate  will  have  tools  and  models  put  before  him,  with  some  of 
wMch  he  must  show  he  is  famihar,  and  that  he  can  explain  their  use 
and  construction. 

Bboks  recommended^ — ^Willis's  Mechanism;  Baker's  Elements  of  Me* 
ehamsm:  the  books  in  Weale's  Series  which  treat  on  the  subjects 
specified.  Twisden's  Practical  Mechanics;  Goodeve's  Elements  of 
Mechanism. 

Subject  VIZ Z.—AcGUsticB,  Z«ight,  and  Heat. 

Acoustics, 

The  candidate  ought  to  know  the  manner  in  which  sound  originates, 
and  is  propagated  •  its  velocitjr  in  different  media,  and  how  its  velocity 
through  air  is  affected  by  density  and  temperature. 

He  ought  to  know  the  origin  of  musical  sounds ;  of  pitch ;  of  harmony 
and  discord ;  to  commit  to  memory  the  rates  of  vibration  of  the 

*  several  notes  of  the  gamut ;  to  be  able  to  make  sonorous  vibrations 
visible  by  means  of  glass  plates  and  membranes;  to  calculate  the 
length  of  sonorous  waves,  and  to  determine  practically  the  number  of 
vibrations  due  to  any  particular  note.  He  ought  therefore  to  under* 
stand  the  construction  and  use  of  the  Syren. 

He  ought  to  be  able  to  describe  and  illustrate  the  condition  of  a  vibrating 
string,  or  column  of  air  at  its  nodal  points  and  ventral  segments  and 
to  explain  echos  and  resonance. 

Light, 

The  candidate  ought  to  know  how  its  velocity  was  first  determined  firom 

observations  upon  Jupiter's  satellites. 
He  ought  to  be  able  to  devise  a  simple  means  of  exhibiting  both  the 

reflection  and  refraction  of  light ;  to  be  able  to  state  the  laws  of  both ; 

to  explain  what  is  meant  by  total  reflection ;  and  to  apply  it  to  the 
.   explanation  of  the  Mirage  of  the  Desert,  the  Phantom  Ship,  and  other 

similar  phenomena. 
He  ought  to  be  able  to  •  explain  why  the  image  in  a  plane  mirror  must 

a{)pear  as  far  behind  the  mirror  as  the  object  is  in  front  of  it ;  why  a 
.   snck  appears  bent  when  dipped  obliquelv  into  water ;  and  why  the 

bottom  of  a  river  or  lake,  or  of  a  basin  which  holds  water,  appears  to 
.   be  nearer  to  the  surface  than  it  really  is. 
He  ought  to  be  able  to  determine  the  positions  of  the  foci  of  spherical 

mirrors>  both  concave  and  convex ;  to  describe  the  characters  of  their 

images,  whether  erect  or  inverted ;  magnified  or  reduced ;  and  to  do 

th^  same  for  convergent  and  divergent  lenses. 
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He  ought  to  know  the  construction  of  the  human  eye ;  the  conditions  of 
distinct  vision,  the  use  of  spectacles ;  And  to  he  ahle  to  describe  a 
simple  form  of  the  reflecting  and  refracting  telescope  and  of  the 
microscope. 

He  ought  to  know  the  constitution  of  hght ;  to  be  able  to  describe  the 
spectrum  produced  by  refraction  with  a  prism ;  to  explain  the  origin 
of  colours,  and  to  give  a  clear  explanation  of  the  rainbow. 

Heat, 

The  candidate  ought  to  be  able  to  describe  the  construction  and  gra- 
duation of  an  ordinary  mercurial  thermometer;  to  understand  the 
scales  of  Fahrenheit,  Celsius,  and  Reaumur. 

He  ought  to  have  clear  ideas  of  conduction  and  radiation ;  to  be  able  to 
devise  some  simple  means  whereby  the  conductive  and  radiative  powers 
of  different  bodies  may  be  determined;  to  explain  fully  the  formation 
of  dew,  and  to  state  the  conditions  favourable  to  its  production. 

He  ought  to  know  the  effect  of  heat  upon  the  volumes  of  bodies ;  to 
know  what  is  meant  by  the  coefficient  of  expansion,  and  how  it  may 
be  determined ;  to  give  illustrations  of  the  enormous  power  of  heat  in 
producing  expansion;  to  state  exceptional  cases;  to  know  the  manner 
m  which  heat  is  propagated  through  hquids  and  gases,  as  distin- 
guished from  ordinary  conduction ;  and  to  be  able  to  combine  two 
metals  possessing  different  coefficients  of  expansion,  so  as  to  form  a 
compensating  pendulum. 

He  ought  to  know  the  meaning  of  latent  heat  and  of  specific  heat,  and 
to  illustrate  both  by  reference  to  ice,  water,  and  steam ;  he  ought  to 
be  able  to  show  the  infl  uence  of  the  high  specific  heat  of  water  upon 
an  island  climate. 

He  ought  to  know  the  strict  physical  meaning  of  ebullition ;  and  the 
influence  of  pressure  upon  the  boiling  points  of  liquids ;  he  ought  to 
have  a  genend  knowledge  of  the  origin  of  winds  and  clouds,  and  to  be 
able  to  explain  the  fact  that  the  rain-fall  upon  the  south-west  side  of  a 
mountain  chain  in  England  and  Ireland  is  much  more  copious  than 
on  the  north-east  side. 

Subject  ZX.--Mag^eti8m  and  Blectricity. 

Magnetism, 

The  candidate  ought  to  know  the  action  of  one  loadstone  upon  another 
which  is  fi*eely  suspended,  or  set  afloat  upon  a  liquid ;  he  must  have  a 
perfectly  clear  notion  of  magnetic  polarity,  and  of  the  action  of  mag- 
netic poles  upon  each  other. 

He  must  know  the  difference  between  the  action  of  magnetised  and 
unmagnetised  steel  upon  a  magnetic  needle  ;  also  the  difference 
between  soft  iron  and  hard  steel,  with  regard  to  their  acceptance  and 
retention  of  the  magnetic  condition ;  (coercive  force). 

He  must  be  able  clearly  to  state  the  condition  of  a  mass  of  soft  iron 
when  under  the  influence  of  a  magnet,  and  in  virtue  of  which  condi« 
tion  the  iron  is  attracted ;  (magnetic  induction). 

He  must  be  able  to  describe  the  action  of  the  earth  upon  a  magnetic 
needle;  must  know  the  meaning  of  dechnation,  inclination  or  dip, 
and  of  secular  and  diurnal  variation ;  the  action  of  the  earth  upon  a 
bar  of  soft  iron  according  as  it  is  held  in  the  direction  of  the  dip  or  at 
right  angles  to  this  direction ;  finally,  the  effect  of  percussion  in  ren- 
dering tne  condition  assumed  by  the  bar  of  soft  iron  a  permanent  one. 

He  ought  to  be  able  to  compare  accurately  the  strength  of  one  magnet 
with  that  of  another,  and  to  state  how  the  relative  intensity  of  the 
earth's  magnetism  at  two  points  of  its  surface  may  be  ascertained. 
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FricHonal  Electricity, 

The  candidate  ought  to  know  various  simple  ways  of  exciting  electricity 
to  be  clearly  informed  as  to  the  duplex  character  of  the  force ;  to 
know  the  condition  of  the  rubber  as  well  as  that  of  the  body  rubbed; 
and  to  be  conversant  with  various  forms  of  electroscopes  and 
dectrometers. 

He  ought  to  know  the  foundation  of  the  terms  vitreous  and  resinous^ 
positive  and  negative ;  to  be  able  to  illustrate  the  action  of  two  elec- 
trified bodies  upon  each  other ;  and  to  tell  at  once  whether  a  body  is 
positively  or  negatively  charged. 

He  ou^ht  to  have  a  clear  knowledge  of  electric  conduction,  insulation^ 
and  mduction ;  and  be  able  to  explain  the  state  of  a  neutnd  conductor 
when  acted  upon  by  an  electrified  body ;  he  ought  to  be  able  to  prove, 
experimentally,  that  though  we  cannot  by  breaking  a  magnet  obtain 
two  halves  each  with  a  single  pole,  we  can  b^  breaking  an  electrified 
body  obtain  two  halves  each  charged  with  a  single  electricity. 

He  ought  to  be  able  to  explain  the  influence  of  points  and  flames  when 
attached  to  an  electrified  conductor;  and  to  describe  the  action  of 
lightning  conductors. 

He  ought  to  be  able  to  describe  the  electric  machine,  and  the  elec- 
trophorus  ;  and  to  explain  the  action  of  the  condenser  and  of  the 
Leyden  jar. 

He  ought  to  be  able  to  state  the  principal  effects  of  the  electric  dis- 
charge ;  to  state  the  atmospheric  conditions  necessary  to  the  produc- 
tion of  a  thunderstorm ;  and  to  give  a  clear  account  of  the  so-caUed 
return  stroke. 

Voltaic  Electricity. 

The  candidate  ought  to  be  able  to  state  precisely  how  voltaic  electricity 
may  be  generated ;  to  describe  Volta's  pile,  and  his  crown  of  cups ; 
ana  also  the  batteries  of  Daniell,  Grove,  and  Bunsen. 

He  must  have  a  clear  conception  of  what  is  meant  by  the  direction  of  an 
electric  current ;  and  be  able  to  illustrate  in  the  fullest  manner  the 
action  of  a  current  upon  a  freely  suspended  magnetic  needle.  Given 
the  direction  of  the  current,  he  must  be  able  to  state  how  the  needle 
moves ;  given  the  movement  of  the  needle,  he  must  be  able  to  infer 
from  it  the  direction  of  the  current. 

He  must  be  able  to  describe  fully  the  action  of  a  ctirrent  upon  soft  iron ; 
and  to  infer  from  the  direction  of  the  current  the  nature  and  position 
of  the  magnetic  poles,  which  it  excites. 

He  must  be  well  acquainted  with  the  chemical  reactions  which  take  place 
both  in  the .  batteries,  mentioned  above,  and  also  in  other  liquids 
through  which  the  current  may  be  sent. 

He  must  be  able  to  measure  the  strength  of  an  electric  current,  and  he  is 
strongly  recommended  to  master  thoroughly  the  law  of  Ohm,  regard- 
ing the  mutual  relations  of  electromotive  force,  resistance,  and  strength 
of  cmrrent. 

He  ought  to  be  acquainted  with  the  so-called  polarisation  of  metallio 

Elates  between  which  a  current  passes  through  a  liqidd,  and  to  show 
ow  this  is  avoided  in  Grove's  battery. 
He  ought  to  be  able  to  give  a  clear  description  of  some  one  form  of  the 

elecmc  telegraph. 
He  ought  to  fie  acquainted  with  the  physiological  efiBects,  and  with  those 
of  light  and  heat  produced  by  the  voltaic  current ;  and  to  show  the 
dependence  of  the  neat  on  the  strength  of  the  current,  and  on  the 
resistance  which  it  encounters. 
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It  would  also  be  well  to  master  as  much  of  the  phenomena  of  induced 
currents  as  would  enable  the  candidate  to  explain  the  action  of  the 
galvanizing  apparatus  used  by  medical  men. 

Note.— This  candidate  will  perceive  that  this  list  is  long  because  the 
objects  to  which  he  is  to  devote  his  attention  are  separately  specified. 
Definition  is  thus  given  to  his  studies  and  thetr  precise  scope  marked 
out  for  him.  He  is  recommended  to  repeat  with  his  own  hands,  as  far 
as  it  is  in  his  power  to  do  so,  the  experiments  which  he  finds  descnbcd 
in  good  handbooks  of  Natural  Philosophy ;  this  will  give  a  certaint^r  to 
his  knowledge  and  an  interest  to  his  pursuits  which  mere  reading 
can  never  confer.  The  first  requisite  demanded  of  him  on  his 
examination  will  be  that,  however  small  his  knowledge,  it  shall  be  well 
digested  and  sound.  .    . 

Text-Books: — Lardner's  Handbook  of  Natural  Philosophy  j    Natural 
Philosophy,  by  Dr.  Golding  Bird  and  Mr.  Brooke. 

Subject  X.—Ziior|^aiiie  ChemiBtiy. 

The  general  principles  of  chemical  philosophy.    Laws  of  combination. 

Combining  weignts  and  ehonical  equivalents.    Combining  volumes. 

Chemical  symbols  and  their  use  m  the  explanation  of   chemical 

changes.    The  atomic  theory. 
..The  non^metallic  elements :  Oxygen,    Conibustion. 
.  Hydrogen,    Water.    Chemical  composition  and  properties.    Adaptation 

for  domestic  purposes.    Hardness,  permanent  and  temporary. 
Nitrogen,      Nitrous  oxide,  nitric  oxide.     Nitric  acid.      Nitrification. 

Ammonia. 
'Carbon.     Process  of  carbonization.    Carbonic  oxide.    Carbonic  add. 

Marsh  gas.    Olefiant  gas.    Manufacture  of  coal  gas. 
Sulphur.    Sulphurous  acid,  sulphuric  add.    Sulphuretted  hydrogen. 

Bisulphide  of  carbon. 
Chlorine.    Hypochlorous  acid.     Bleaching  agents  and  theory  of  bleach- 
ing.     Chloric  add  and  perchloric  add.       Chloride  of   nitrogen. 

Chlorides  of  carbon. 
Bromine.    Bromic  add  and  hydrobromic  add. 
Iodine.    Iodic  acid,  periodic  add,  and  hydriodic  add. 
.  Fluorine.    Hydrofluoric  add. 
Phosphorus.    Hypophosphorous  acid,  phosphorous  add.    The  several 

modifications  of   phosphoric  add:   ordinary  phosphoric,  pyrophos- 

phonci  and  metaphosphoric  adds.    Theory  of  polybasic  acids.    Phos- 

phoretted  hydrogen.      Chlorides  of  phosphorus.     Manu&cture  of 

matches. 
Boron  and  boradc  add. 
Silicium  and  silicic  acid. 

■  The  metals :  Potasstum.    Manufacture  of  nitre.    Manufacture  of  gun- 
'.  powder.    Theory  of  the  aotioa of  gunpowder.   Sodium.  Manu&dwe 

of  carbonate  of  soda. 
Barium.    Strontium.    Cedeium.    Mortars. 
Magnesium,  Aluminium.    Manufacture  of  glass  and  porcelain. 
Manganese,    Iron.    Composition  and  properties  of  cast  iron,  wrought 

iron,  and  steel. 
:C6balt,    Nickel.    Chromium.   Zinc.    Cadmium*    Copper.    Lead.   Manu- 
'     facture  of  white  lead. 
Bismuth.    Mercury.     Tin,     Arsenic.     Course  of  analysis  in  cases  of 

poisoning. 
Antimony,    Silver.     Gold,  and  platinum.     Their  prindpal  compounds 

with  the  non-metiJlic  elements. 
Outline  of  quaUtatdve  analysis.    Reactions  of  the  prindpal  mineral 

adds  and  bases.    Course  pursued  in  the  apphcation  of  these  reactions 

to  the  analysis  of  a  mixture  of  several  acids  and  bases. 
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The  following  is  the  list  of  Apparatus  and  Re-agents  with  which 
-Candidates  make  their  analysis  at  the  examination : — 

Apparatus. 
Iron  spoon. 
Tongs. 

Pestle  and  mortar. 
Porcelain  dishes. 
Watch  glasses. 
Porcelain  crucible. 
Triangles. - 
Test  tube  cleaner. 


Test  tubes  and  stand. 
Metal  fiter  stand. 
Wash  bottle  containing 

distilled  water. 
Spirit  lamp. 
Black  blowpipe. 
Charcoal  for  blowpipe 

experiments. 


Platinum  wire  and  foil. 

Funnels. 

Cut  filters.  .     . 

Sulphuretted  hydrogen 

apparatus. 
Platinum  crucible. 
Herapath's  blowpipe. 
Stirring  rods. 


Sulphuric  acid. 
Hydrochloric  acid. 
Nitric  acid. 
Hydrosulphuric  acid. 
Potassa. 
Ammonia. 

Chloride  of  ammonium. 
-Sulphide     of     ammo- 
nium. 
Carbonate   of    ammo- 


Carbonate  of  sodimn. 
Nitrate  of  potassium. 
Cyanide  of  potassium. 


Re-agents. 

In  the  liquid  state. 
Phosphate  of  sodium. 
Chloride  of  barium. 
Chloride  of  calcium. 
Linie  water. 
Sulphate  of  calcium. 
Sulphate  of  potassium. 
Sulphate     of    magne- 

smm. 
Chromate  of  potassium. 
Oxalic  acid. 
Tartaric  acid. 

In  the  solid  state. 
Borax. 
Lime. 
Sulphate  of  iron. 


Acetic  acid. 
HydrofluosUidc  acid. ! 
Oxalate  of  ammonium. 
Acetate  of  lead. 
Sesquichloride  of  iron. 
Ferrocyanide  of  potas- 
sium. 
Chloride  of  platinum. 
Nitrate  of  silver. 


Blue   and  red   litmus 
paper. 


Subject  XL^Org^ame  Chemistry. 

'Ultimate  analysis  of  organic  bodies.  Calculation  of  an  empirical 
formula.  Methods  of  controlling  an  empirical  formula.  Determi- 
nation of  the  equivalents  of  organic  acids  and  bases,  examination  of 
products  of  decomposition^  determination  of  the  vapour-density  of 
volatile  bodies.     Law  of  substitution. 

The  chemical  history  of  the  Cyanogen  group.  Cyanogen.  Hydrocyanic 
acid.  Cyanic  acid  and  urea.  Fulminates.  Cyanuric  acid.  Sulpho- 
cyanic  acid.    Chlorides  of  cyanogen. 

Amylaceous  and  saccharine  substances.  Fermentation.  Alcohol,  and 
its  homologues.  Ethers,  simple  and  mixed.  Oxidation  of  alcohol. 
Aldehyde  and  acetic  acid,  and  their  homologues.  Anhydrides,  simple 
and  mixed.  Compound  ethers.  Diatomic  alcohols  and  their  acids. 
Glycol  and  oxalic  acid.  Triatomic  alcohols.  Glycerine.  Fatty  and 
oily  bodies. 
'  Ammonia  and  its  derivatives.  Amides  and  amines  :  their  classification. 
Examples  of  natural  alkaloids. 

Principal  colouring  matters.  Lidigo  and  its  derivatives.  Examples  pf 
products  formed  by  destructive  distillation. 

The  chi^  constituents  of  the  vegetable  and  animal  organism,  fibrin, 
albumen,  casein,  &c. 

The  chemical  principles  of  agriculture^ 

l*he  chemical  principles  of  the  process  of  nutrition  and  respiration  in 
the  animal  organism. 

Text-bdoks.  —  Graham's  Elements  qf  Chemistry,  Miller's  System  of 
Chemistry,  Fownes'  Manual  of  Chemistry,  Gregory's  Outlines  of 
Chemistry,  Abel  and  Bloxam's  Handbook  of  Chemistry,  Galloway's 
Qualitative  Analysis, 
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Snbjeet  XZZ  ^Gkolog^. 

1.  The  division  of  rocks  into  three  great  classes^  aqueous^  igneoas,  and 
metamorphic. 

2.  The  mode  of  formation  of  stratified  rocks, — marine  strata — delta 
formations— freshwater  beds, — the  sign  by  which  you  can  distinguish 
these. 

3.  The  mode  of  occurrence  of  igneous  rocks,  ashes,  lavas,  and  dykes. 

4.  Volcanoes  and  volcanic  phenomena. 

5.  The  theory  of  central  heat. 

6.  Elevation  and  depression  of  land. 

7.  The  ordinary  mineral  substances  that  enter  into  the  composition  of 
rocks. 

8.  Fossilization  of  organic  bodies. 

9.  Table  of  geological  formations,  including  those  larger  divisions 
absent  in  Britain. 

10.  Theory  of  metamorphism  of  rocks. 

British  Strata. 

1.  Description  of  the  Cambrian  strata  and  Silurian  strata,  their  litho- 
logical  characters,  disturbances  and  chief  fossils. 

2.  Description  of  the  old  red  sandstone  and  Devonian  rocks,  character 
and  fossils.  Origin  of  cleavage.  Slate  and  slate  quarries,  building- 
stones,  limestones,  and  marbles. 

3.  The  carboniferous  limestone  and  coal  measures.    Character,  fossils, 

and  mode  of  formation.  Origin  of  the  coal  of  the  coal-measures, 
and  its  mode  of  occurrence.  Mode  of  occurrence  of  the  ironstone 
of  the  coal  measiues.  Various  kinds  of  coal,  and  the  relation  of 
anthracite  coal  to  disturbance  of  strata.  Lime  quarries,  marbles, 
and  building  stones.  Clay  pits  and  potteries  of  the  carboniferous 
strata.    Fire  clay.    Alum  shale. 

4.  The  Permian  rocks.  Their  strategraphical  relations  to  the  underlying 
strata,  composition  of  rocks,  fossils,  and  building-stones. 

5.  liie  new  red  sandstone  (or  Trias),  its  subdivisions,  fossils,  building- 

stones,  sand  pits,  rock  salt,  and  brine  springs. 

6.  The  Lias.  Its  subdivisions,  chief  fossils,  building-stones,  and  other 
hydraulic  limestones,  and  clay  pits. 

7.  Oohtic  rocks.  Subdivisions,  leading  fossils,  building-stones.  Lime- 
stones.   Clay  pits,  and  other  economic  products. 

S.  The  Purbeck  and  Wealden  strata.  Origin,  subdivisions,  chief  fossils, 
building-stones,  and  marbles.  Ironstones  and  limestones.  Clay 
pits. 

9.  Cretaceous  rocks.  Subdivisions,  lithological  characters,  fossils, 
building  stone  of  lower  greensand.  Gault,  its  phosphatic  nodules 
and  general  uses.  Upper  greensand,  chalk,  &c.  Building  stones. 
Origin  and  uses  of  chtdk-flints. 

10.  Eocene,  or  older  Tertiary  beds.  Subdivisions,  alternation  of  marine 
and  freshwater  beds,  cnief  fossils,  limestones  and  buildin^^  stones, 
clays  for  bricks  and  potteries. 

11.  Crag.    Its  subdivisions,  chief  fossils,  phosphatic  remains. 

12.  Disturbance  and  denudation  of  strata. 

13.  Unconformities,  faults,  and  fractures. 

14.  The  causes  of  gaps  in  the  succession  of  strata,  or  of  breaks  in  the 
succession  of  life  in  time. 

15.  Water-bearing  strata,  and  underground  drainage.  Artesian  and 
other  wells. 

16.  British  rocks  in  which  ores  of  metal  are  found,  and  the  general  mode 
of  occurrence  of  these  ores  in  beds  or  lodes. 

17.  The  rules  that  ought  to  guide  the  miner  in  sinking  for  coal  and 

other  minerals,  when  the  beds  in  which  they  lie  are  concealed  by 
over-lying  and  unconformable  strata. 
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18.  The  occfurrence  of  stream  tin,  gold,  &c.,  in  superficial  detritus. 

19.  The  chief  differences  in  the  nature  and  mode  of  occurrence  of  various 
formations  in  areas  widely  separated  from  each  other. 

Text-books. — Lyell's  Principles  of  Geology;  Lyell's  Elements  of  Geology  / 
Phillips'  Manual  of  Geology;  Jukes'  Manual  of  Geology;  Page's 
Introductory  Text-Book;  Page's  Advanced  Texi-BooJr. 
Subject  XZZZ.— Mineralogy. 

A.  Instruction  in  this  subject  should  commence  with  a  distinct  under- 

standing of  the  characters  by  which  minerals,  properly  so  called^ 
are  to  be  distinguished  from  other  inorganic  substances,  and  of  the 
position  of  this  science  in  relation  to  the  collateral  sciences  of 
physics,  chemistry,  and  geology. 

B.  Ciystallography,  as  the  essentisd  means  of  appreciating  the  forms 

naturaUy  assumed  by  almost  all  inorganic  bodies,  must  commence 
with  the  needful  geometrical  definitions,  proceed  to  the  grouping 
of  the  various  crystalline  forms  into  systems,  consider  the  laws  by 
which  the  derivation  of  one  form  from  another  within  the  limits 
of  the  same  system  is  detennined,  and  explain  the  combination  of 
various  simple  forms  in  the  faces  exhibited  by  compound  crystals. 
It  is  also  important  to  study  the  deviations  from  regularity  which 
are  commonly  presented  in  nature,  and  the  methods  of  measuring 
those  elements  which  remain  constant. 

c.  The  variouskinds  of  aggregation  exhibited  by  crystalline  substances 
are  also  to  be  considered,  especially  with  reference  to  masses  of  the 
useful  minerals,  and  of  crystalline  rocks. 

D.  Next  in  order  wiU  follow  the  other  physical  characters  of  minerals ; 
1st,  in  relation  to  their  substance,  as  cleavage,  Aracture,  hardness,  and 
specific  gravity :  2ndly,  in  relation  to  the  effects  of  light,  as  trans- 
parency, refraction,  lustre,  and  colour;  3rdly,  as  to  their  electric 
and  magnetic  properties. 

B.  The  chemical  characters  of  minerals,  and  the  most  convenient  modes 
of  testing  them;  1st,  by  wd  of  the  blowpipe;  2ndly,  by  the 
moist  way. 

F.  Pseudomorphism,  or  the  remarkable  phenomena  presented  by  minerals 

which  have  the  composition  of  one  mineral  coupled  with  the  form 
of  another. 

G.  The  physiography  or  systematic  description  of  minerals.    This  last 

division  should  include  all  the  more  remarkable  varieties  as  well  as 
species,  and  should  take  especial  note  of  the  modes  and  places  of 
occurrence,  as  well  as  of  the  association  of  particular  groups  of 
minerals  in  certain  veins  or  formations. 

As  text-books  may  be  recommended — 

Professor  Ansted's  Elementary  Course  of  Mineralogy  and  Geology, 
London.  1856. 

Nicol's  Elements  of  Mineralogy.    Edinburgh,  1858. 

Dana's  Manual  of  Mineralogy,  1851. 

Bristow's  Dictionary  of  Minerals,    Longman  &  Co.  1861. 

For  more  advanced  students — 

Brooke  and  Miller's  Mineralogy,    London,  Longman,  1852. 

On  Crystallographv,  Rev.  W.  Mitchell,  in  Orr's  ''Circle  of  the 
Sciences,"    London,  1856. 

Dbsi&'b  System  of  Mineralogy.    4th  edition.    Putnam,  1854. 

Naumann's  Mineralogie.    Leipzig.     Williams  and  Norgate,  London. 

Brdthaupt's  Paragenesis  der  Mineralien,    Freiberg,  1849. 

Haidinger's  HandSbuch  der  Mineralogie.    Vienna,  1845. 

When  it  is  intended  to  teach  this  subject  vnth  special  reference  to  the 
practical  working  of  minerals^  the  physiographical  part  will  be  occupied 
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more  particularly  with  certain  of  the  useful  species  and  their  associated ' 
substances,  and  the  following  works  may  be  consulted :' —  ."' 

W.  J.  Henwood  on  the  Metalliferous  D^osits  of  ComwaU  and  Devon, 
1843, 

c  Bischof,  Chemical  and  Physical  Geolopy,  translated  by  the  Cavendish 
Society,    1864. 

Subject  XZV.— Animal  Physiology. 

The  field  presented  by  Natural  History  is  such  an  exceedingly  wide 
one,  that  candidates  are  advised  to  confine  their  studies  to  the  subjects 
enumerated  below,  and  to  master  these  as  thoroughly  as  possible*  And 
as  iti  the  Natural  Sciences,  the  knowledge  which  is  obtainable  by  mere 
reading  is  of  very  little  value,  candidates  are  particularly  recomnven(ied 
to  study  nature  for  themselves,  and  to  become  personally  acquainted* 
with  the  primary  facts  ofBiolo^cal  Science.  Thus  in  Physiology,  the 
fundamental  truths  relating  to  circulation,  muscular  contractibiji,  and 
nervous  action,  may  all  be  readily  exemplified  by  simple. experiments  upon 
.  the  common  frog ;  and  in  Systematic  Zoology  and  Botany,  the  careful 
study  of  the  structure  of  the  animal  and  vegetable  forms  enumerated 
under  the  head  of  <<  types"  will  furnish  a  better  conception  of  the  animal 
and  vegetable  worlds  than  any  amount  of  mere,  reading.  Candidates  will 
therefore  be  expected  to  be  thoroughly  and  |«acticiw[y- acquaint^  with 
the  fundamental  facts  of  Physiolo^,  and  in  Zoology,  with,  all  the.  most 
important  and  distinctive  characteristics  of  such  oi  these  typical  genera 
as  are  illustrated  by  British  species. 

Candidates  should  have  carefully  studied  what  is  stated  upon  the 
subjects  enumerated  below  in  any  good  handbook  of  Phyfiiology. 

The  general  properties  of  living  matter  in  lespect  of  form,  struQ*: 
ture,  and  chemical  composition.    The  meaning  oi  the  terms  organ, 
organization,  function,  development.    The  d^er^ce  between  mgh 
and  low  organization.    The  division  ofphysiological  labou?  jr 

Why  the  living  organism  wastes.    The  differeilce  between  vital 
'  and  putrefacUve  decomposition.    The  oonditioas  and  ultinMit&.]S^o^'j 
ducts  of  vital  decomposition.    The  liying  body  considered*  as  a 
machine  performing  a  certain  amount  of  work. 

Why  food  is  necessary.  The  difference  between  the  food  of- 
plants  and  that  of  animals.  The  nature  of  the  substances  which 
constitute  the  food  of  man.  The  proximate  chemical  composition 
of  milk,  flour,  meat,  butter,  potatoes,  oatmeal,  peas,  rice,  Ua,  coffee,: 
beer,  wine,  and  spirits;  and  the  distinction  oj  the  proximal  ele- 
.    ments  of  each  into  nutritious  and  innutritions. 

Why  digestion  is  necessary^  and  how  that  function  is  performed 
in  the  human  organism. ,  The  structure  of  th^  ogi^ans  1^  which  the 
following  substances  are  formed,  and  their  uses  :  saliva,  gastric  juice, 
pancreatic  juice,  bile.  How  the  nutritious  products  of  digestion 
•  are  separated  from  the  excrementitious  residuum.  The  process  of, 
absorption.  The  means  by  which  absorbed  matters  are  conveyed  to  * 
all  parts  of  the  organism.  The  structure  and  composition  of  human 
blood.    The  course  and  mechanism  of  the  circulation. 

Why  the  elimination  of  waste  products  is  necessary.  Excretion 
of  carbonic  acid.  The  mechanical  and  phyfidcal  principles  involved 
in  the  performance  of  the  respiratory  process  in  man.  The  excretion 
,  of  urea  and  uric  acid.  The  structure .  of  the  urinary  apparatus,  and 
the  mechanical  and  physical  principles  involved  in  its  action.  The 
excretion  of  water  as  a  part  of  the  foregoing  processes,  and  as 
effected  by  the  skin.  The  structure  and  other  functions  of  the  skin. 
The  mutual  relations  of  the  three  jgreat  excretory  apparatuses. 

The  conditions  and  sources  oi  animal  heat.  The  circulatory 
system  of  man  viewed  as  a  hot-water  warming  appa]!atU8.  The  fuel 
of  the  animal  economy  and  its  sources. 
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Ammal  mechanics.    The  human  body  as  a  locomotive  appaiatus. 

The  structure  of  bones  and  joints.    The  stracture  and  properties  of 

miiscle.  . 

The  structure  and  ftinctions  of  nervous  matter.     The  offices  of 

,    the  spinal  cord- and' brain.    The  nature  and  mode  of  action  of  the 

sensory  organs.     Reflex  action.     Habits  as  acquired  reflex  action. 

i    Instinct.     Intellectual  and  emotional  operations. 

The  nature  of  death,  and  the  difference  between  geneifid  and  local 
-    death. 

Local  death  :-^l  sty  as  a  part  of  life ;  e.g.  moulting,  shedding  of  akin 

'  and  teeth.   2nd,  as  opposed  to  hfe ;  e,g,  sloughing  and  mortification. 

■  '  General  death : — Ist,  as  the  natural  conclusion  of  life.    2nd^  as 

arising  firom  disease  or  injury.    Usual  commencement  of  deat£  in 

'     the  nervous  centres,  the  heart  or  the  lungs. 

'  Reparative  poeesses  :*— 1st.'  Local,  as  exhibited  in  the  reproduction 
.  of  Iirat  parts,  iieaEi^  of  wounds,  &c..  2nd.  0»tienX,  as  shown  in 
the  reproduction  of  the  individual  bv  sexuql  generation.  The  origin 
, '  afad  developmentof  the  embryo*  The  nutrition  of  the  foetus  and  of 
-I  the  in£snt.  Hereditary  transaussion,  and  the  modification  of  phy- 
'  sicail  and  mental  characters  by  education,  as  the  basis  of  a  rational 
.  '  betisf  in  the  posnbililyef  human  progtess.  * 

Snbject  XV.— 2Soology, 

1..  Candidates  should  have  carefully. mastered  the  definitions  of 'the 

.     sub^kihgdoma,  elassesy  and  orders  of  the  Animal  Kingdom.    They 

.'    sfaoiild  understaiiid  and  be  able  to  explain  :iiie  meaning  x)f  the  terms 

.'    eo^loyed  in  such  definitions ;  and  uiey  should  be  able  to  refer  any 

isp^mens  thai  may  be  placed  befbre  them  to  their  proper  cla^6s. 

2.  Candidates  should  be  able  to  give  fair  answers  to  quei^tions  tdating 

..to  any  or  all  of  th&  foUowii^  subjects,  and.  they  should  be  .able  to 

identtfy,  refer  to  their  i»K>per  orders,  and  .if  called  upon  to  do'  so, 

describe^  the- objects  enumerated  in  each  section  under  the. head  of 

"  typps."    In  almost  all  cases  these  "  types  "  are  British. animals. 

By  the  term  Natur^  History^  of  such  and  such  an  object,  is  meant 

such  an  account  of  it  as  is  to  be  found  in  any  standard  pao^eri;i  work  on 
Zoology.  .^ 

i.  The  structure  and  mode  of  multiplication  of  infusorial  anikial- 

.: '  Cfdea  and  Forufnintfera,    The  arguments  which  have  beeii-  adduced 

/   for  and  agunst  .spontaneous,  geh^tioa..     The  luminosity  of  Ithe 

sea,  and  wie  nature  of  the  creatures  which  chiefly  calisei*;*  .-The 

•    natuwd.. history  of  the  sponge  of  commerce.      Typesr^/S^^rja, 

-   Vmiicelku, 

ii.  The  meaning  of  the.  terms^  zoophyte,  cozia],  coralline.  Natural 
,  '  history  of.  the  red  ooral  of  (Commerce.  .  Common  coral  and  coral 
reefs.  What  such  reefs  are,  where  they  are  formed,  and  how/ihey 
.  grow.  Natural  history  of  the  common  freshwater  polype^  or  hydra, 
and  of  the  "  jelly  flushes,"  or  "  meduase  "  of  the  sea.  A  sexual 
multiplication  as  exhibited  by  these  creatures.  Types — Hi/dra, 
Sertvlaria,  Flumidaria,  Actinia,  CoralHum,  Fungia,  Oculina. 

iii.  Starfishes,  sea  urchins,  and  Holotharim ;  their  structure  and 
habits,  and  the  metamorphoses  which  they  undergo.  NAtural  and 
economical  history  of  Trepang.    Types — Uraster,  Echintis. 

iv.  Natural  history  Of  the  earthworm  and  the  leech.  Intestinal 
worms;  their  structure,  propagation,  and  mode  of  entrance  into 
animal  bodies.  Natural  history  of  the  Rotifera,  Types — Lumbri^ 
CU8,  Hirudo,  Distoma,  Ttema,  Ascaris, 

v., Natural  history. of  Crustacea.  The  lobster  and  crayfish,  as 
exemplifying  morphological  and  teleological  laws.  The  process  of 
ecdysis.    B^macfes^  aeorn  shells,  and  f^h  lice,  as  cases  of  extreme 
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metamorphosis.  The  water  flea  as  exemplifying  a  sexual  multipli- 
cation. Types — Cancer,  Homarus,  Astacus,  Oniscus,  Daphnia,  Cy- 
clops,  Lepas,  Balanus,  Argidus, 

yi.  Natural  histoiy  of  spiders,  scorpions,  and  mites.  The  ''  itch 
insect,"  centipedes,  and  millipedes.  Tjrpes — Tegenaria,  Scorpio, 
Scolopendra,  Jultts, 

yii.  Insects;  their  mode  of  hreathing  as  contrasted  with  that  of 
spiders  and  crustaceans.  The  structure  of  their  wings,  and  the 
mechanism  of  flight.  The  parts  of  the  mouth  and  their  modifi- 
cations in  heetles,  hees,  hutterflies,  bugs,  and  gnats.  Structure  of 
the  ejes.  Nature  of  stings,  saws,  and  ovipositors.  Natural  and 
economic  history  of  the  bhstering  beetle,  of  the  silk  moth,  of  the 
bee,  of  the  cocmneal  insect.  Natural  history  of  plant  Uce,  of  bugs, 
fleas,  and  lice.  The  house  fly,  blow  fly,  and  gnat;  wasps,  humble 
bee,  ichneumon  flies;  ''black  beetles,'*  crickets,  and  locusts.  The 
metamorphoses  of  insects.  Types — Melolontha,  Blatta,  lAbellula, 
Phryganea,  Coccus,  Aphis,  Bombyx,  Apis,  Vespa,  Musca, 

viii.  The  characikenstic  peculiarities  of  the  nervous,  circulatory, 
respiratoiy,  and  locomotive  organs  of  mollusks  in  general.  Orga- 
nization of  "sea  mat"  {Flustra),  Ascidians  and  "lamp  shells" 
(Terebratula),  Natural  history  of  fresh-water  and  marine  mussels. 
Nature  of  mother  of  pearl.  Formation  of  pearls.  Pearl  fishery. 
Natural  and  economical  history  of  the  oyster.  Organization  of  snails 
and  slugs,  periwinkles,  limpets,  whelks.  Development  of  the  young 
of  the  latter.  Nidamental  capsules.  Cuttl^hes  and  squids. 
Paper  nautilus.  Pearly  nautilus.  The  shipworm  and  Pholas, 
Mechanism  by  which  mollusks  bore.  Types — Flustra,  Asddia, 
Terebratula,  Unio,  Mytilus,  Ostrea,  Pecten,  Helix,  Patella,  Littorina, 
Bucdnum,  Chiton,  Sepia,  Loligo,  Argonauta,  Nautilus, 

ix.  Circulatory,  respiratory,  and  reproductive  organs  of  fishes. 
Their  dentition.  Natural  and  economical  history  of  the  lamprey, 
sprat,  sardine,  herring,  pilchard,  sahnon,  trout,  eel,  cod,  haddock, 
sole,  flounder,  turbot,  mackerel,  tunny,  sturgeon,  skate,  ray,  dog 
fish,  shark.  ElectriccJ  fishes.  Fishes  which  are  capable  of  hving 
in  air.  Pisciculture,  or  the  artificial  breeding  of  fijBues.  T^pes — 
Amphioxus,  Petromyzon,  Syngnathus,  Cyprinus,  Perca,  Accipenser, 
Lepidosteus,  Raia,  Spinax, 

X.  Natural  history  of  salamanders,  newts,  frogs,  and  toads. 
Metamorphoses  undergone  by  their  young.  Types — Salamandra, 
Triton,  Rana. 

xi.  Circulatory  and  respiratory  organs  of  reptiles  as  distinguished 
from  those  of  fishes  and  ampmbia.  Natural  history  of  snakes, 
lizards,  crocodiles,  turtles,  and  tortoises.  Tortoise-shell.  Shedding 
of  the  skin  in  reptiles,  lypes — Coluber,  Pelias,  Anguis,  Lacerla, 
CrocodUus,  Testudo,  Chelone, 

xii.  Organs  of  locomotion,  respiration,  voice,  circulation,  and  re- 
production of  birds.  Structure  and  mode  of  growth  of  feathers. 
Development  of  the  fowl's  e^^.  Artificial  hatching.  Migration, 
and  instincts  of  birds.  Natural  history  of  domestic  birds ;  of  the 
ostrich,  the  apteryx,  the  penguin,  and  the  dodo.  T^pes — Falco, 
Corcus,  Columba,  Picus,  Phasianus,  Ardea,  Struthio,  Anser. 

xiii.  Organs  of  respiration,  circulation,  and  reproduction  of 
mammals.  Production  and  nutrition  of  their  young.  Placental 
and  implacental  mammals.  Nature  of  milk  and  of  the  lacteal 
glands.  Peculiarities  in  the  dentition  of  mammals.  Natural  and 
economic  histoiy  of  the  domestic  mammals;  of  the  ivory  and  fur 
yielding  mammals;  of  seals;  of  whales.  The  hybernation  and 
migration  of  mammals.  Charactera  of  the  orders  of  mammals. 
Tj]^6--Cercopithecu8,  Vespertilio,  Erinaceus,  LqtuSy  Elephas,  8u$, 
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Cersus,  Bos,  Ovis,  Felts,  Phoca,  Phoeana,   Dasypus,  Hahaahirus, 
Omithorhynchus, 

xiv.  The  distinctive  peculiarities  of  man.    The  characters  of  the 
principal  races  of  mankind,  and  their  geographical  distribution. 

Text-books  for  Physiology. — Carpenter's  ^mma/  Physiology ,  Bohn,  1859; 
Dr.  Kirke's  Manual:  Andrew  Combe's  Physiology  applied  to  Health 
and  Education.  For  Zoology. — Dallas's  Natural  History  of  Animals  : 
Orr's  Circle  of  the  Sciences;  Gosse's  Manual  of  Marine  Zoology : 
Professor  Green's  Manual  of  the  Protozoa, 
Subject  ZVX. — Vegetable  Pbysiolory  and  Bconomlo  Botany. 

In  this  department  the  candidate  will  be  expected  to  answer  correctly 

questions  on  the  following  points : — 
1.  The  properties  of  the  principal  elements  entering  into  the  composition 
of  plants.      Carbon,  oxygen,  hydrogen,  nitrogen,  sulphur,  phos- 
phorus, chlorine,  iodine,  silicon,  potassium,  sodium,  calcmm,  iron. 

%  The  composition  and  properties  of  the  compounds  forming  the 
principal  part  of  the  structure  of  plants.  Cellulose,  starch,  dextrine, 
sugar,  fixed  oil,  gluten,  albumen,  caseine.  The  saline  compounds 
forming  the  ashes  of  plants. 

3.  The  composition  and  properties  of  peculiar  vegetable  products.  Vo- 
latile oils.  Acids.  Colouring  matters.  Alkaloids.  Neutral  principles. 
Chlorophyll. 

4.  The  origin  and  growth  of  the  vegetable  cell.    The  tissues  of  plants. 

Cellular  tissue.  Intercellular  organs.  Epidermal  tissue.  Hairs. 
Stomates.    Vascular  tissue.    Woody  tissue. 

5.  The  structure  and  functions  of  the  organs  of  plants.    The  root. 

Spongioles.  Absorption  and  excretion.  Nature  of  vegetable  food. 
The  stem.  Structure  of  Exogenous,  Endogenous,  and  Acrogenous 
stems.  The  leaf.  The  forms  of  leaves.  Exhalation^  Stipules  and 
bracts.  The  flower.  Calvcine,  Corollal,  Staminal,  and  Carpellaiy 
leaves.  Development  and  nature  of  poUen.  Ovules  or  seed  buds. 
Vegetable  impregnation.  Embryo.  Seed.  Fruits ;  their  nature  and 
forms.    The  nature  of  the  reproductive  organs  in  flowerless  plants. 

6.  The  composition  and   nature  of  vegetable  substances  used  oy  man 

as  food.  Distinctions  between  heat-giving  and  flesh-forming  foods. 
Structure  and  geographical  distribution  of  plants  yielding  starchy 
sugar,  oil,  gluten,  albumen,  and  legumin. 

7.  Properties  of  vegetable  substances  used  in  the  arts  and  manufactures. 
Vegetable  secretions  used  as  dyes. — Indigo,  madder,  logwood,  red 
Sanders  wood,  quercitron,  alkanet,  amotto,  gall-nuts,  myrobolans. 

S.  Materials  used  in  the  manufacture  of  textile  fabrics. — Cotton,  flax, 

hemp,  coco-nut,  jute.  New  Zealand  flax. 
9.  Principal  forms  of  timber  trees,  and  their  uses. — Oak,  mahogany, 

teak,  pine,  &c. 

10.  Nature  of  tanning  principles  and  plants  yielding  tannic  acid.— Oak- 
bark,  valonia,  catechu,  kino,  divi-divi,  betel-nut. 

11.  Gums,  oils,  and  resins  used  in  arts. — Gum  arabic,  benzoin,  rosin, 
turpentine,  camphor,  essential  oils,  coco-nut  oil,  palm  oil,  other 
fixed  oils,  caoutchouc,  gutta  pertsha. 

12.  Substances  obtained  from  the  vegetable  kingdom  and  used  as  medi- 
cines.— Opium,  quinine,  tobacco,  jalap,  scammony,  gentian,  aloes, 
rhubarb,  senna,  ipecacuanha,  sarsapanlla,  castoroil,  assi^oetida, 
myrrh,  nux  vomica,  hemlock. 

Text-books  for  Vegetable  Physiology  and  Economic  Botany. — Henfrey's 
Elementary  Course  of  Botany  :  Van  Voorst.  Carpenter's  Vegetable 
Physiology y  edited  by  Dr.  Lankester;  Bohn.  Schleiden's  Prin* 
ciples  of  Scierttific  Botany  ;  Bohn.  A  Manual  of  Structural  Botany 
by  M.  C.  Cooke.  Archer's  Popular  Economic  Botany :  Reeve  and 
<^.  Lindley's  Medical  and  (Economical  Botany;  Bradbury  and  Evans. 
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Subject  ZVU.— Systematic  Botany. 

In  this  department  the  candidate  will  be  expected  to  demonstrate  the 
structure  of  plants  from  living  specimens. 

1.  The  distinctions  between  the  three  great  classes  of  plants.  Dico- 
tyledons, Monocotyledons,  and  Acotyledons.  Also  of  the  groups 
Gymnosperms,  Rhizanths,  Dictyogens,  Acrogens,  and  Thallogens. 

2.  The  characters  of  the  following  orders  of  British  plants  should  be 
mastered,  and  the  typical  genera  recognized,  and  their  structure 
understood. 

3.  AlgtB,    The  natural  histoiy  and  uses  of  sea-weeds.    The  microscopic 

structure  of  diatoms  and  desmids.  Nature  of  the  reproductive 
organs  in  this  order.  Types — Navicula,  Desmidmm,  Conferva,  Fuctis, 
Ceramium. 

4.  Lichens.  The  natural  histoiy  and  uses  of  lichens.  Structure  of  their 
reproductive  organs.    Types — (h-aphis,  CoUema,  Parmelia. 

5.  Fungi.  The  natural  histoiy  of  mushrooms,  puff-bsJls,  moulds,  blights, 
and  toadstools.  Their  uses  in  nature.  Types — Agaricus,  Bovista, 
Torula,  A&aergilluSy  Morchella,  Mttcor, 

6.  Mosses.    The  nature  of  their  reproductive  organs.    Types  —Bryum, 

Sphagnum,  Funaria. 

7.  Ferns.     Nature  of  their  rhizomes.      Herbaceous  and  tree  ferns. 

History  of  Development,  and  nature  of  reproductive  organs.  Types 

— Polypodium,  Hymenophyllum,  Osmunda. 
3.  GraminacecR.    The  history  of  grasses  and  their  uses.    Nature  of  the 

flower  in  this  order.     Useful  plants  of  the  order.    Types — Phleum, 

Hydrochloa,  Panicum,  Agrostis,  Arundo,  Spartina,  Avena,  Festuca, 

Hordeum,  Triticum,  Secale,  Nardus,  Anatherum, 
9.  Cyperacea.    Sedges.    Types — Carex,  Scirpus. 

10.  lAliaceee.  The  lily  tribe,  its  useful  properties,  l^ypes — TuUpa, 
Ornithogalum,  Muscari. 

11.  AmaryllidacetB.  The  family  of  the  narcissus,  snow-drop,  snow-flake. 
Types — Narcisstts,  Galanthus. 

12.  Orchidace<B.  The  orchis  family.  Structure  of  reproductive  organs. 
Types — Orchis,  Goodyera,  Malaxis,  Cypripedium. 

13.  AmentacecB.  The  family  of  the  hazel,  chestnut,  oak,  willow,  birch, 
beech,  poplar,  and  hornbeam.  The  uses  of  these  plants  as  timber, 
&c.  iVpes — Quercus,  Coryhts,  Fagus,  Castanea,  Betula,  Myrica, 
Salix,  Populus. 

14.  Urticace<B.  The  nettle  and  hop  tribe.  Its  relations  to  Moracete, 
Artocarpac(B,  Cannabinacea,  and  Ulmacem.  The  nature  of  the 
stings  of  Urtica,  and  the  bitter  principle  of  the  hop.  Types —  Urtica, 
Parietaria,  Humulus. 

15.  BuphorhiacecB,    The  spurge  family.    Foreign  forms  and  their  uses. 

Croton,  Cascarilla,  Ricinus,  Janipha.  Apetalous  and  Polypetalous 
forms.    Types — Euphorbia,  Buxus. 

16.  PolygonacetB.  The  buckwheat  and  rhubarb  tribe.  Types — Poly" 
gonum,  Rumex. 

17.  PrimulacecB.    The  primrose  family.    Theory  of  the  peculiar  position 

of  stamens.    Types — Primula,  Lysimachia. 

18.  Labiata.    The  dead  nettle  tribe.    Peculiar  properties  of  this  order. 

Types — Mentha,  Salvia,  Thymus,  Nepeta,  Lamium,  Teucrium. 

19.  ScrophulariacetB.  The  scrophularia  tribe.  Nature  of  the  poisonous 
properties  of  the  order.  Types — Scrophularia,  Digitalis,  Verbascum, 
Euphrasia,  Veronica,  Melampyrum. 

20.  Boraginace<B.  The  borage  tribe.  Peculiarities  of  their  epidermis. 
Useftil  species.  Types — Cynoglossvm,  Borago,  Echium,  Myosotis 
lAthospermum, 

21.  SolanacecB.  The  tribe  of  deadly  nightshade,  henbane,  tobacco,  and 
potato.  Useful  and  poisonous  species.  Types — Solanum^  Atropa, 
Hyoscyamus,  Datura, 
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22.  EricacetB,  The  heath  tribe.  Its  distinction  from  Epacridacea, 
'lypes — Erica,  Arbutus,  Vacdnium,  Pyrola,  Monotropa, 

23.  Composite.  The  composite  family.  The  number  of  species  and 
geographical  distribution.  Structure  of  the  sub-orders  Asteracece, 
Cichorace€B,  and  CynaracetB,  Types — TusHlago,  Aster,  Inula,  Gna- 
phalium,  Bellis,  Artemisia,  Achillea,  Carlina,  Carduus,  Cichorium, 
Leontodon,  Lactuca,  Crepis, 

24  StellattB.  The  Stellate  tribe.  Its  relation  to  Cinchonacece  and 
CaprifoUacetB.  The  properties  and  useful  plants  of  Cinchonaoese. 
TV^s — Galium,  Rtdna. 

25.  UmbelliferiB,  Umbel  bearing  plants.  Character  of  inflorescence 
and  flowCTS.  Nature  of  fruit.  Structure  of  cremocarp.  Proper- 
ties of  the  order.  Types — Hydroootyle,  Sanicula,  Eryngium,  Apium, 
Slum,  JEthusa,  (Enanthe,  Crithmum,  Angelica,  Pastinaca,  Daucus, 
Torilis,  Scandix,  Conium,  Coriandrum. 

26.  Cucurhitacem,  Melon^  cucumber,  and  gourd  family.  Useful  plants 
of  this  order.    Type — Bryonia, 

27.  Rosacea,  The  rose^  apple,  cherry,  and  plum  tribe.  Forms  of  the 
fruit.  The  useful  plants  of  this  order.  Types — Prunus,  Spirtta, 
Fragaria,  Rubus,  Geum,  Rosa,  Cratagus,  Pyrus, 

28.  Leguminos(B.  The  bean,  pea,  and  clover  family.  Principal  divisions 
of  the  family.  Structure  of  the  flowers  and  fruits.  Useful 
plants  of  the  order.  Types — Ulex,  Trifolium,  Vida,  Astragalus^ 
Omithopus. 

29.  Crucifera,  Cabbage,  turnip,  and  mustard  tribe.  Structure  of  the 
flowers  and  fruits;  Useful  plants  of  the  order.  Properties.  Types*— 
Nasturtium,  Alliaria,  Brassica,  Sinapis,  Armoracia,  Iberis,  Isatis, 
Crambe,  Cahile, 

^30.  PapaveracetB.  The  poppy  tribe.  Properties  and  mode  of  collecting 
opium.  Nature  of  fruit.  Types — Papaver,  Gktucium,  Chelidonium. 
31.  Ranunculacea.  The  crow-foot  tribe.  Structure  of  abnormal 
genera ;  Aconitum,  Aquilegia,  and  Delphinium,  Nature  of  poison  in 
order.  Types — Ranunculus,  Clematis,  Helleborus,  Paonia,  Anemone. 
Text-books  for  Systematic  Botany. — lindley's  Vegetable  Kingdom,  For 
British  Botany. — Bentham's  Handbook  of  the  British  Flora,  or 
Babington's  Manual  of  British  Botany, 

Subject  XVZZZ.— Mininif. 
The  Art  of  Mining  embraces  so  wide  a  field  of  study  that  equal  prac- 
tical proficiency  in  its  various  branches  is  not  to  be  expected ;  but  those 
who  wish  to  gain  a  general  knowledge  of  it  may  be  recommended  to 
direct  their  attention  to  the  subjoined  heads,  viz. : 

1.  Geology  and  Mineralogy,  more  particularly  those  portions  of  the 
sciences  which  bear  on  the  following  subjects, — the  nature  and  position 
in  the  earth's  crust  of  the  useful  minerals,  the  classes  of  rock  with 
which  they  are  severally  associated,  the  special  character  of  heaves, 
throws,  troubles,  and  all  kinds  of  dislocation ;  the  particular  differences 
between  beds  and  lodes,  and  their  minerals,  and  the  chief  features  of 
irregular  repositories. 

2.  The  methods  of  prospecting  and  searching  at  surface  for  ores  and 
other  minerals. 

3.  Breaking  of  ground ;  the  various  implements  employed,  their  form, 
dimensions,  and  weight ;  boring  for  shots ;  the  various  modes  of  firing 
charges.  Heavy  charges,  how  calculated  and  fired;  rules  for  ensuring 
safety. 

4.  Deep  boring,  under  what  circumstances  applicable, — apparatus  for ; 
description  of  varieties  in  use ;  lining  of  bore-holes. 

6.  Management  and  supervision ;  payment  of  men  employed  at  mines, 
at  surface  and  underground,  varying  in  principle  with  the  different 
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classes  of  operation ;  reasons  for  tut-work  or  piece-work,  and  tribute  or 
bing-tale  under  different  circumstances.  Calculations  for  cost  of  drivingr, 
sinking,  tramming,  &c. 

6.  Physical  principles  of  ventilation ;  practice  of  mines  where  simple 
natural  ventilation  is  employed;  ventilation  of  large  areas  and  of  deep 
or  complicated  workings  by  guiding  the  natural  current;  artificial 
means,  and  their  details,  for  promoting  ventilation.  Precautions  to  be 
taken  under  specially  dangerous  conditions. 

7.  Illumination,  of  various  kinds,  their  economy ;  safety  lamps  in  all 
their  best  modifications;  circumstances  under  which  they  should  be 
employed ;  precautions  in  their  use. 

8.  Mechanical  division  of  the  subject.  Strength  of  materials  used  in 
mines ;  human  and  horse  power,  principles  and  construction  of  machines 
to  which  they  are  applied.  Hydraulic  machines :  construction  of  the 
water-wheels,  turbines,  and  pressure  engines  most  suitable  to  the  various 
operations  of  mining.  Steam  engines,  for  pumping  and  for  winding ; 
arrangement  and  construction  of  the  varieties  most  in  use.  Form  and 
dimensions  of  boilers.  Pumps  employed  in  mines,  mode  of  placing 
them;  construction  of  the  lifts;  materials  and  details  of  the  rods,  set- 
offs, counterbalances,  cisterns,  and  catches.  Circumstances  under  which 
dams  are  erected  in  shafts  or  levels ;  mode  of  building  them. 

Tubbing  of  water  from  shafts;  conditions  under  which  it  may  be 
done;  details  of  the  operation  with  various  materials,  wood,  brick,  stone, 
cast  and  wrought  iron. 

Rails,  waggons,  and  tubs  for  underground  conveyance ;  employment 
•of  horses  and  of  fixed  steam  engines  for  this  purpose. 

Raising  of  the  mineral  through  the  shafts;  various  methods  in  use; 
chains,  ropes  (of  hemp  or  wire),  their  weight,  &c.  Details  of  the  best 
application  of  drums,  cages,  guides,  keeps,  and  safety  doors.  Pulleys 
and  shaft  frames  or  poppet  heads;  protection  against  over-winding; 
safety  clutches,  &c.  in  case  of  breakage  of  rope. 

9.  Opening  of  ground ;  quarries  and  open  work ;  driving  of  levels, 
various  dimensions  and  directions  according  to  circumstances ;  sinking 
of  shafts,  inclined  or  perpendicular ;  advantages  of  either  kind  under 
certain  conditions ;  means  of  securing  levels  and  shafts  by  timber  or  by 
walling ;  details  of  the  various  methods.  Driving  or  sinking  in  heavy 
or  running  groimd. 

10.  Working  excavations;  plan  of  laying  them  out,  and  means  of 
security  to  be  adopted  whilst  they  are  kept  open.  This  will  include  the 
stoping  of  metalliferous  veins,  and  the  various  modifications  of  post  and 
stall,  long-work,  &c.,  which  are  applied  to  stratified  deposits. 

11.  Travelling  in  shafts;  prevention  of  accidents  by  proper  fitting  and 
dividing;  mode  of  placing  ladders  and  soUars ;  lifting  machine  for  men, 
construction  and  advantages  of. 

12.  Dressing  of  minerals.  Arrangement  of  dressing  floors.  Con- 
struction of  crusher  and  stamps ;  washing  of  coal ;  jigging,  concen- 
tration, and  separation  of  metallic  minerals. 

The  student  may  be  advised  among  other  sources  of  information  to 
consult  the  following  works : — 

De  la  Beche's  Report  on  Cornwall  and  Devon.    Greenwell's  Treatiss 
on  MinerEngineering,    Dunn  on  the  Winning  and  Working  of  Col- 
lieries.    Hedley  on   Colliery  Working  and  Ventilation.    Evidence 
before  Committees  of  the  Houses  of  liOrds  and  Commons  on  Acci- 
dents in    Mines,     Reports  of    H.M.   Inspectors   of   Coal  Mines. 
Transactions  of  the  Northern  Institute  of  Mining  Engineers. 
Subject   XZX.— MetaUorg^. 
Z.  Introduotion. 
On  certain  physical  properties  of  metals.    Action  of  heat,  specific 
gravity,  crystallization,  fracture,  malleability,  ductility,  tenacity,  con- 
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ductivity  of  heat  and  electricity,  opacity,  lustre,  colour.  General  con- 
siderations on  metallurgical  processes.  Modes  of  occurrence  of  metals 
in  nature,  ores,  reduction,  smelting,  roasting,  liquation,  slags. 

ZZ.  Fuel. 

General  remarks,  calorific  power,  calorific  intensity,  classification  of 
fuels,  wood,  peat,  lignite,  coal,  charcoal,  coke,  gaseous  fuel  and  gas 
furnaces,  charcoal  burning,  coke  burning,  typical  varieties  of  coke  ovens, 
comparison  of  fuels  with  respect  to  caJorific  power.  This  important 
branch  of  the  subject  is  treated  with  much  detail. 

ZZZ.  Refractory  materials  employed  in  tbe  constmction  of 
furnaces,  crucibleSf  4bC. 

Fire-clays  British  and  foreign,  crucibles  of  various  kinds,  plumbago 
and  its  application  to  crucibles,  manufacture  of  crucibles,  nre-bricka, 
silica  and  its  applications,  Dinas  fire-bricks,  sand  and  sandstones. 

ZV.    special  Metalliirffy. 

Capper, — Compounds  of  special  importance  in  the  metallurgy  of  this 
metal  fully  described,  such  as  the  disulphide,  oxides,  &c.,  ores  of  cop- 
per, copper-smelting  in  reverberatory  and  blast  furnaces,  reactions 
occurring  in  the  process,  kernel-roasting,  'wet'  methods,  of  extracting 
copper  from  its  ores,  assaying  of  copper  ores  by  *  dry '  and  *  wet '  methods, 
ship  sheathing. 

Zinc, — In  describing  the  metallurgy  of  zinc  and  the  following  metals, 
the  same  plan  will  be  followed  as  in  describing  the  metallurgy  of  copper, 
that  is  to  say,  the  compounds  of  special  metallurgical  importance  will  be 
first  considered  in  detail,  as  well  as  the  reactions  upon  which  the  various 
processes  of  smelting  essentially  depend,  and  the  construction  of  the 
furnaces  will  be  fully  explained.  Ores  of  zinc,  English,  Belgian,  Silesian, 
and  Carinthian  methods  of  extraction,  assaying  of  zinc  ores  brass,  its 
history,  properties  and  manufacture. 

'  Lead. — Ores  of  lead,  lead  smelting  in  the  '  ore-hearth,'  low  blast  and 
reverberatory  furnaces,  lead-fume  and  various  methods  adopted  for  its 
condensation,  assaying  of  lead  ores. 

Silver, — Ores  of  silver ;  smelting  of  silver  ores  with  lead ;  cupellation ; 
desilverization  of  lead  by  Pattinson's  process,  also  by  that  of  Parkes ; 
treatment  of  argentiferous  copper  by  liquation;  extraction  of  silver; 
amalgamation,  the  old  Freiberg  method  and  the  Mexican ;  Ziervogel  and 
Augustin's  '  wet '  methods ;  treatment  of  argentiferous  copper-regulus ; 
alloys  of  silver  and  copper;  standard  silver ;  assaying  of  silver  ores  and 
alloys. 

Gold. — Modes  of  occurrence  of  gold  in  nature ;  extraction  by  amalga- 
mation and  by  smelting  with  lead ;  chlorine-water  as  a  solvent  for  the 
extraction  of  gold  from  certain  ores ;  separation  of  gold  from  silver  or 
parting  by  nitric  and  by  sulphuric  acids;  allovs  of  gold  with  the 
preceding  metals;  standard  alloys ; ^assaying  of  auriferous  ores  and 
alloys. 

Mercury, — Ores  of  mercury ;  extraction  in  the  Almaden,  Idrian,  and 
llahner  furnaces ;  in  retorts  in  admixture  with  reducing  agents ;  assaying 
of  the  ores  of  mercury. 

Antimony, — Ores  of  antimony;  liquation  of  the  native  sulpthide  and  its 
subsequent  reduction  by  iron  or  other  agents ;  alloys  of  antimony,  type 
metal,  &c. ;  assaying  of  the  ores  of  antimony. 

Bismuth. — Mode  of  occurrence  in  nature;  its  extraction  from  ores 
containing  it  by  liquation ;  alloys  of  bismuth. 

Nickel.—OreB  of  Nickel;  modes  of  (extraction,  generally  by  a  corn- 
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bination  of  *  dry '  and  '  wet'  processes ;  alloys  of  nickel^  especially  those 
known  as  German  silver ;  assaying  of  nickeliferous  ores  and  alloys. 

Cobalt. — Ores  of  cobalt ;  smelting  and  preparation  of  zai&e  and 
cobalt  colours,  smalts,  &c. ;  separation  of  nickel ;  assaying  of  cobalt 
ores. 

Arsenic, — Mode  of  occurrence  in  nature ;  arsenious  acid  or  *  glass '  of 
arsenic,  generally  obtained  as  a  secondary  product  in  the  treatment  of 
certain  other  ores,  such  as  those  of  nickel^  cobalt,  &c. ;  modes  of  con- 
densation of  arsenical  fimies ;  preparations  of  arsenical  *  glass,' 

Tin, — Ores  of  tin ;  smelting  in  reverberatory  and  blast  furnaces ;  tin 
refining ;  varieties  of  tin  in  commerce ;  alloys  of  tin,  with  the  prece^ng 
metals,  bronze,  gun-metal,  bell-metal,  &c. ;  assaying  of  tin-ores. 

Iron, — Malleable  iron ;  steel ;  pig-iron ;  ores  of  iron,  direct  extraction 
of  iron  in  the  malleable  state  from  the  ore ;  smelting  of  iron  in  the 
modem-blast  furnace;  construction  of  blast-furnaces  and  blowing 
machines ;  economic  application  of  the  waste  gases ;  conversion  of  pig  into 
bar  iron  in  open  hearths  and  in  the  reverberatory  furnace ;  manufacture 
of  steel  by  various  methods.  This  department  of  the  subject  will  be 
treated  at  considerable  length. 

Various  Metals, — Platinum  and  its  associated  metals;  cadmium; 
Bodium;  aluminium;  tungsten;  titanium;  manganese. 

Subject  XX.— Navig^ation. 

1.   Elementary    Principles, — Problems  relating  to  latitude,  longitude; 

differences  of  latitude,  and  differences  of  longitude. 
Relation  between  an  arc  of  a  parallel  of  latitude  and  an  arc  of  the 

equator.    Principles  of  plane  sailing  and  middle  latitude  sailing. 

Principles  of  Mercator's  sailing.     Mercator's  chart.     Principles  of 

great  circle  sailing.    The  compass  and  its  corrections. 
(1.)  Variation.     (2.)  Deviation.      (3.)  Local   attraction.     (4.)  General 

theory  of  deviation  (Towson's  Practical  Information,  first  60  articles). 

Correction  of  courses  for  variation,  deviation,  and  leeway.    The 

log.     Correction  of  estimated  distances  run  for  errors  in  the  log 

line  and  glass.    Plane  sailing.    Traverse  sailing.     Middle  latitude 

sailing.    Mercator's  sailing,  with  examples. 
To  find  difference  of  longitude  made  on  a  traverse.    Sea  journal.    A 

day's  work.     Practice  of  great  circle  sailing.    Circular  arc  sailing. 

Tides.    Winds.     Cyclones.    To  find  bearing  of  a  circular  storm ; 

veering  of  wind ;  heaving  to ;   and  sailing  from  centre  of  gale. 

Construction  of  tables  of  meridional  parts. 
Description  and  use  of  sextant,  with  the  theory,  adjustments,  and  errors. 
Note.— Candidates  for  certificates  as  teachers  of  Navigation  will  be 
required  to  jpossess  a  competent  knowledge  of  the  whole  of  the  above 
•syllabus,  and  to  have  obtained  a  certificate  in  elementary  mathematics  and 
passed  in  higher  mathematics  as  far  as  spherical  trigonometry  inclusive. 
For  students. — ^To  "  pass,"  as  far  as  principles  of  plane  sailing.  The 
compass  and  correction  of  courses. 

For  honourable  mention. — As  far  as  Mercator's  sailing,  with  examples. 
For  third,  second,  and  first  class   Queen's  prizes,  a  proportionate 
knowledge  of  the  remainder. 

Subject  XXZ.— Xfautical  Astronomy. 

Definitions.  Time,  apparent,  mean,  sidereal,  &c.  Equation  of  time.  To 
express  interval  of  mean  or  sidereal  time  in  parts  of  sidereal  or 
mean  time  respectively.  To  convert  arc  into  time,  and  conversely. 
To  find  Greenwich  date.  To  take  out  right  ascension  of  sun  for  a 
given  mean  Greenwich  date. 
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Correction  of  altitudes.  Dip.  Parallax.  Refraction.  Augmentation 
of  moon's  semi-diameter.  Reduction  of  altitude  of  a  heavenly 
body  observed  at  one  place  to  what  it  would  have  been  if  observed 
at  another.    The  chronometer  and  its  use,  error,  and  rate. 

Latitude  by  meridian  altitude  of  sun,  and  fixed  star. 

Latitude  by  meridian  altitude  of  moon.  To  find  Greenwich  mean  time 
of  moon's  meridian  passage.  To  find  semidiameter  and  horizontal 
parallax  of  moon  for  a  given  Greenwich  date.  To  take  out  from 
Nautical  Almanac  moon's  declination,  &c. 

To  find  local  and  Greenwich  mean  time  of  passage  of  a  star  over  a 
given  meridian  on  a  given  day.  Latitude  by  altitude  of  sun,  star, 
or  moon  below  the  pole  and  by  pole  star.  Latitude  by  altitude  of 
sun  or  other  heavenly  body  near  the  meridian.  Calculations  of 
hour  angles.  Meridian  distances.  Right  ascensions.  Computa- 
tions of  time.  Error  and  rate  of  chronometer.  Computation  of 
mean  or  apparent  time  at  any  place  from  observed  altitude  of  a 
heavenly  body.  Longitude  by  chronometer.  Error  in  hour  angle 
from  error  in  observea  altitude.  Variation  of  compass.  Azimuth, 
altitudes,  amplitudes,  determination  of  true  bearings.  True  azimuth 
from  altitude  of  heavenly  body  and  without  observed  altitude. 
True  bearing  of  a  point  of  land,  &c.,  by  observed  angular  distance 
from  the  sun.  Variation  of  compass  from  observed  amplitude  of 
sun. 

Deviation  of  compass,  from  Art.  50  to  end  of  Towson's  Practical  Infor- 
mation.    Sumner's  method  of  finding  longitude  and  latitude. 

Method  of  double  altitudes.  Ivory's  and  direct.  Error  of  chronometer 
by  equal  altitudes  of  sun  and  fixed  star.  To  compute  apparent 
altitude  of  a  heavenly  body  when  its  true  altitude  is  given. 

Methods  of  clearing  a  lunar  distance  from  the  effects  of  parallax  and 
refraction.  To  find  Greenwich  date  corresponding  to  a  given  true 
lunar  distance,  &c.  To  find  the  altitudes  when  a  lunar  distance  is 
taken  from  altitudes  before  and  after  taking  the  distance.  To  find 
the  longitude  by  a  lunar.  Rate  of  chronometer  by  a  lunaar. 
Obs. — In  all  the  above  problems  the  demonstration  of  the  rules  as 

well  as  accurate  practical  working  is  required. 
Note. — Candidates  for  certificates  as  teachers  will  be  required  to 

possess  a  competent  knowledge  of  all  the  above  syllabus,  and  to  have 

obtained  a  certificate  in  the  elementary  mathematics,  and  passed  in 

higher  mathematics  as  far  as  spherical  trigonometry  inclusive. 

•    For  students. — ^To  "  pass,"  a  knowledge  of  the  elementary  principles, 

and  finding  latitude  by  meridian  altitudes  of  a  heavenly  body. 
For  "  honourable  mention,"  the  above,  with  variation  of  compass 

from  altitudes  and  azimuths,  and  rate  of  chronometer,  and  longitude  by 

chronometer,  is  required. 
For  third,  second,  and  first  class  Queen's  prizes,  a  more  or  less  accurate 

knowledge  of  the  remainder. 

Subject  XXZX.— Steam. 

1.  General  Properties  of  Steam, — General  effects  of  heat  and  cold,  with 
practical  applications  of  the  principle.  Law  of  expansion  by  heat 
not  universid.  Beneficial  result  of  this  anomaly.  To  ascertain  the 
temperature  of  any  substance.  Pyrometer.  Thermometer — Descrip- 
tion— Graduation.  Comparison  of  thermometers  when  differently 
graduated.  Laws  of  cooling.  Conduction.  Conducting  powers  of 
bodies.  Convection.  Explanation  of  some  natural  phenomena  by  this 
law.  Radiation.  Radiating  power  of  bodies.  On  what  it  depends. 
Land  and  sea  breezes.     Capacity  for  heat.  Unit  of  caloric.    Latent 
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heat.  Under  what  curcumstances  heat  becomes  latent.  Heat  sole 
agent  in  melting  and  vaporising  bodies.  Calorimeter.  Sources  of 
heat.  Combustion.  Temperature  necessary  for  it.  Boiling  point* 
Temperature  of  elastic  fluids.  Vapour.  Formation  of  dew.  Dis- 
tinction between  vapour  and  steam.  Boiling  points  of  iresh  and 
salt  water.  Distillation.  High-pressure  steam.  Measure  of  steam 
by  atmospheres.  Steam  when  in  contact  and  when  not  in  contact 
with  boihng  water.  Relation  between  pressure,  density^  and  tem- 
perature of  steam.  Specific  gravity  of  steam.  Common,  super- 
heated and  surcharged  steam.    Priming.  Analysis  of  sea  water. 

2.  Steam  Engine,—  General  principles.    Different  kinds.    Engines  in  use 

before  Watt.  Newcomen's  engine.  Its  defects.  Discoveries  of 
Watt.  Blowing  through.  Defects  in  atmospheric  engines.  Single 
acting  and  double  acting  engines.  Expansion  valve.  Cornish — 
Hi^h-pressure  or  non-condensing  engine.  Marine  steam  engine. 
Different  descriptions.  Side-lever  marine  engine.  Blow-^ve. 
Stuffing  boxes.  Piston  of  steam  cyhnder.  Working  parts.  Working 
of  the  sUdes,  strap,  gib,  and  cutter.  Escape  valve  of  cylinder. 
Parallel  motion.  Hall's  condensers.  Test  cocks.  Grease  cocks. 
Grease  cups  of  shdes.  Annular  air-pump  bucket.  Annular 
delivery  valve.  Various  kinds  of  slides.  Cushioning.  Lead.  Lap, 
its  effects.  The  eccentric.  Throw  and  stops  of  ditto.  To  find  the 
travel  of  the  shde.  Back-lash.  Double  eccentric.  Throttle  valve. 
Expansion  valve  and  various  kinds.  Barometer  or  condenser 
gauge.  Method  of  estimating  pressure  by  it.  Errors  in  this 
method,  and  correction  of  the  same.  Lubricators,  &c.  Number 
of  engines  in  a  steamer.  Expansion  cams  and  gear.  Feed  pumps. 
Bilge  pumps.  Modes  of  propulsion.  Paddle  wheels.  Pitch,  Reefing. 
Disconnexion  and  inunersion  of  wheels.  Brakes. — Modes  of  fitting. 
The  screw  propeller.  Length,  angle,  pitch,  slip,  area  of  screw 
blade.  Disconnecting  and  raising  screw.  Governors.  Direct 
acting  engines.  Gorgon — Fairbaim's  double  cylinder,  oscillating, 
trunk  engines,  &c.  Engines  for  screw  propellers.  Direct  acting, 
with  and  without  multiplying  gear.  Oscillating  horizontal  and  trunk 
engines.    Double  acting  air-pump. 

3.  Boilers. — Description.    Gear  connected  with  them.    Tubular  boiler. 

Number  of  boilers.  Steam  chest.  Safety  valve.  Waste.  Steam 
funnel  and  drip  pipe  to  steam  gauge.  Wash  or  dash  plates.  The 
funnel  dampers.  Reverse  valve.  Communication  or  stop  valve. 
Blow-out  cocks.  Circulating  pipes.  Brine  pumps.  Brine  valves. 
Refrigerators. 

4.  Calculations, — Methods  of  measuring  efficiency  of  steam  engines. 

Duty  of  an  engine.  Horse  power.  Mercantile  or  nominal  horse 
power.  Horse  power  from  the  evaporation  in  the  boiler.  De 
Pambour's  theory.  Velocity  of  maximum  useful  effect.  To  find 
evaporation  of  a  condensing  engine  of  given  dimensions  and  horse 
power,  the  piston  moving  with  a  giyen  velocity  with  and  without 
expansion.  To  find  the  pressure  in  cylinder,  knowing  the  effective 
evaporation.  To  find  the  diameter  of  a  cylinder  to  work  at  a  certain 
speed,  knowing  the  evaporation.  To  find  the  evaporation  in  the 
boiler,  knowing  the  diameter  and  velocity  of  piston  and  pressure  of 
steam  in  the  cylinder  with  and  without  expansion.  Same  for 
locomotive.  Watt's  en^nes,  &c. 

The  screw— to  find  its  area.  Angle  of  the  helix  or  thread  of  the 
screw  propeller— to  find  the  pitch.  The  power  exerted  by  a  screw* 
How  fkr  slip  depends  on  form  and  dimensions  of  the  screw.  Motion 
of  paddle-wheels,  &c.  Consumption  of  fuel.  Measure  of  locomo- 
tive performance  of  marine  steam  engines.    To  find  the  angle  the 
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crank  has  moved  through  when  the  piston  is  at  a  given  distance  from 
the  top  of  the  stroke.  Amount  of  wdrk  developed  hy  crank  in  & 
half-revolution — ^length  of  radius-bar  in  side  lever  engine.  Work 
done  in  the  up  and  down  stroke  of  the  air  pump.  The  best  tempe- 
rature for  the  condenser  of  a  steam  engine.    Qualities  of  fuel,  &c. 

5.  Practical  working, — Getting  up  steam.     Mode  of  starting.     Working 

engines  at  moorings.  Priming—causes  and  remedies.  Banking 
up  and  putting  back  fires,  &c.  Duties  to  machinery  when  under 
steam,  boiler,  fires,  &c.  Injection  pipes.  Kingston's  valves.  Leaks 
in  engines.  Bearings  of  engines.  Expansive  working.  Manage- 
ment of  fuel.  Damages  and  repairs  to  boiler,  &c.,  after  accidents* 
Duties  to  engine,  &c.,  on  arriving  in  harbour. 

6.  Indicator, — The  ends  it  fulfils.      Description.      Atmospheric    line. 

Method  of  taking  a  diagram.  The  general  configuration  of  diagram 
to  be  expected  under  various  circumstances.  The  slide-diagram. 
Examination  of  Indicator-diagram  when  steam  is  throttled ;  when  ex* 
pansive  gear  alone  used,  and  in  other  cases.  To  ascertain  the  horse- 
power of  an  engine  by  means  of  the  indicator.  To  find  quantity  of 
water  evaporated.  Friction  of  steam  engine  without  load.  Diagram 
when  there  is  no  condensation.  Diagram  showing  the  relative 
motions  of  slide  and  piston  at  every  point  of  the  stroke. 

Dynamometer.    To  find  horse-power  of  engine  by  means  of  it. 

The  text  books  specially  recommended  are — The  Marine  Steam  Engine, 
by  Professor  Main  and  Mr.  Brown,  R.N.,  Longmans  and  Co. ;  Main 
and  Brown's  Indicator  and  Dynamometer ;  De  Pambour's  Theory 
of  the  Steam,  Engine, 

Note. — ^No  certificate  as  a  teacher  of  steam  will  be  given  unless  the 
candidate  has  obtained  a  certificate  in  elementary  mathematics  and 
theoretical  mechanics ;  and  no  first  grade  certificate,  unless  he  has  taken 
a  certificate  in  higher  mathematics. 

Subject  XXZZZ.— Physical  Oeography. 

The  knowledge  included  in  this  subject  embraces : — 
a,  A   general  acquaintance  with  astronomy,  so  far  as  it  relates  to 

terrestrial  phenomena. 
5.  Distribution  of  the  land  and  water ;  forms  of  the  great  continents ; 

the  general  structure  of  land  with  regard  to  mountains,  table 

lands,  plains,  deserts,  islands,  &c. 

c.  The  ocean;  its  physical  and  chemical  characters,  temperature, 

depth,  waves,  tides,  tidal  bore,  progress  of  the  tide  wave,  ocean 
currents,  and  soundings. 

d.  Inland  waters,  including  the  phenomena  of  springs,  rivers,  lakes, 

and  influence  of  the  distribution  of  inland  waters  upon  com- 
merce. 

e.  Winds,  including  land  and  sea  breezes,  trade  winds,  variable 

winds,  law  of  storms,  cyclones,  &c. 
/.  Climate:  physical  causes  which  determine  climate,  isothermal 

hues,  and  temperature  tables. 
g.  Distribution  of  plants  and  animals,  especially  as  their  produce  is 

turned  into  articles  of  commerce;  and  classification  of  the 

races  of  man. 
ft.  Information    on  the  physical  ^ography  of  the    British  and 

Colonial  Empire  of  Great  Britain,  with  especial  reference  to 

iexports  and  itnportff. 
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Endowed  School,  Ezton,  Oakham 

Wesleyan  School,  Selby      •         •         - 
Addlestone,  Surrey  -         •         •         • 

•         • 
M^Boadl 

Windsor  Boad,  Slough 
St.  Mark's  College,  Chelsea 

Training  College,  Westmmster     - 
Holywood,  Belfast   .... 

sr- 

N. 

National  School,  AbertiUery,nearNewport 

Qoffin,Bobert  •      • 
Grant,  WilUam.      . 

Greenwood,  Aaron  T. 
Greer,  William  H.    - 

Gregory,  James  B.   • 
Grove,  John  W. 
Grugeon,  Alfired 

Gunn,  William  - 
Haigh,  Thomas  B.    . 
Hall,  Henry  E.  *      * 
Hallid^,  John  - 
Hancock,  John  - 

Hands,  Jonathan  G.- 
Harbison, Mann 
Hargreaves,  John     - 
Hartley,  Joseph 

Henessey,  Ed.  J. 

Hetherington,Juo.H. 
High,WiXliamB.     - 
Ho^on,  John  - 
Holdcroft,  Herbert  - 
Holden,  Johns.      - 

Holmes,  John   - 
Holt,  George  - 
Honey,  Bobert 
Hosford,  Frederick  P. 
Hotchkin,TychoE.. 

Hough,  Joseph 

Howard,  John  - 
Hudson,  Peaniside  - 
Hudson,  Washington 
Hudson,  J.  SchcSeld 

Hudson,  William     . 
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Moss,  Amos 
Muir,B,obert    - 
Nelson,  Bobert  J.     - 
Nelson,  B.E.    -       - 
Newton,  John  - 

Nicholson,  WilKam.- 
Noble,  John 
Northey,John  -       - 
Notcutt,  William  L,.- 
0*Keefe,  Cornelius  • 

O'NeiU,  Charles       - 
Orkney,  Daniel  C.    - 

Packer,  Matthew  W, 
Pahner,  Joseph 

Parke,  George  H.    I- 
Pascoe,  John     - 
Patchett,  Isaac 
Pearce,B.ichard 
Pearce,  William      - 

Pearsall,  T.  J.  -       - 
Peile,PercivalB.B.. 

Perry,  deorgeW.'    • 
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6,  Robert  street,  MUfor4  Haven  • 

Banbury        

Birkbeok  Schools,  Bethnal  Green  - 

Trade  School,  Bristol 

Royal  Museum,  Peel  Park,  Salford 

14,  Goldington  Street,  St.  Pancras  Road, 

National  School,  Painswick,  Stroud 

• 

Training  College,  Westminster    - 
18,  Hyde  Park  Gate  South,  London 
18,  Dawson  Street,  Manchester     - 
St.  John's  Town  School,  Portsea  • 
2,  Oliver  Terrace,  Oliver  St.  Nottingham 

Training  College,  Battersea 

Milton    Established   Church   Sessional 

,  Hants  -         • 

•  • 
[old"         I 

•  • 
a 

•  • 

•  • 

Phillips,  Harvey      - 
Pidgeon,  Daniel       . 
Pike,  Robert  W.       - 
Pitt,  Robert      -       - 

Plant,  Edmund  C.    - 
Plant,  John 
Prosser,  William      - 
Puckett,  Joseph 

Pullen.  Moses 
Radford,  Arthur 

Raimbach,  David  Tf. 
Ram,  James      • 

Reatchlous.HenryA. 
Redgrave,  Gilbert  R. 
Richardson,  Joseph  - 
Ricks,  George   - 
Rigg,  William  -       • 

Ripley,  Henry  J.      - 
Robertson,  John 

Robertson,  John 
Robinson,  John 

Robotham,  WiDiam  - 
Rowden,William  T.- 
Rowland, Bvan  H.  - 
Rtlckert,  Leopold  C- 
Rule,  Charles  H. 

Rtintz,  James    - 
Rushforth,  Thomas  - 
Rust,  Joseph     • 
Sahnon,  wW  R.       - 
Salter,  Edmund 

Sammons,  Fred.  H.  C. 

Samuelson,  James    - 
Samuelson.  Newton 
Santon,  William 
Sarjeant,  John  - 
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Address. 

i6,Hull- 

nnBoad 
Northwood  School,  Stoke-on-Trent 

"                   '     lilmamock 

Westminster    - 
ttdcastld,  Co.  Meath   - 
le  Street,  London 
,  Newtonnirvey  Road, 
ijray. 

Names. 

Saunders,  Henry  J.  - 
Saunders,  James 
Scaping,  Zebedee      - 
Scotson,  James  - 
Schofleld,  Jabez  C.   - 

Scott,  John 
Seaman,  Isaac 
Severs,  George 
Sharp,  Charles  J.      - 
Shaw,  Henry  Chas.  - 

Shawcross,  WHliam  - 
Sheaf,  Robert 
Shinn,  Thomas  - 
Shirley,  James  - 
Shore,  Thomas'W.    - 

Simpson,  Bentham  - 
Slater,  James  K.     '^- 

Smart,  Herbert  J.    - 
Smeeth,  Rowland     - 
Smith,  Joseph  H.T.- 
Smith. Robert  P.      - 
Smithies,  Samuel     - 
Smyth,  Andrew 
Snelus,  Qeorge  J.     - 
Spear,  John  J.  - 
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uuMMirrjjjjbi  ui?  uuujnujx.  ujn  h^duuatiujn, 

Cbouwell  Road,  South  Kensikoton. 

Lord  President,  The  Right  Hon.  the  Earl  Gbanyille,  K.G. 

Vice-President  of  the  Committee  of  Council  on  Education,  The  Right  Hon. 

H.  A.  Bruce,  M.P. 

List  of  Officers  of  the  Scibkce  and  Art  Department. 

Office  hours  10  till  4. 

General  Administration. 

Secretary. — Henry  Cole,  C.B. 

Assistant  Secretary, — ^Norman  MacLeod.     Chief  Clerk. — E.  Stanley  Poole. 

First-class  Clerks.— G.  F.  Buncombe,  G.  C.  T.  Bartley,  S.»  viii.,  ix.,  x.,  xii , 

xiv. ;    A.    2nd  grade  ;   Percival  B.  B.  Peile,  S.  ix.  ;  E  P.  Bartlett ; 

Second-class  Clerks. — A.  H.   Gasparini;   T.  Hickson,  A.  2nd  grade  ;   C.  A. 

Pierce,  A.  2nd  grade  ;  A.  S.  Cole,  A.  2nd  grade ;  A.  J.  R.  Trendell. 

Provisional  Clerks. — ^E.  Belshaw,  A.  2nd  grade  ;  W.  Burtt,  G.  Millard,  S.  xxiii. 

Assistant  Clerks.-^Yf.  IL  JT.  Stratton,  C.  Comyns,  C.  G.  Quinton. 

Accountant. — A.  L.  Simkins. 

Book-keeper. — H.  W.  Williams.    Assistant.— T.  A.  Bowler. 

Storekeeper.— W.  G.  Groser.    Deputy. — H.  Lloyd. 

Science  Division. 
Inspector  for  Science. — J.  F.  D.  Donnelly,  Captain  R.E. 
Occasional  Inspectors. — 
(Science)  J.  F.  Iselin,  M.A. ;  F.  J.  Sidney,  LL.D.     (^Navigation)  Captain 
Harris,  E.I.S. 
Professional  Examiners  for  Science.— Vrof.  T.  Bradley  ;  Rer.  B.  M.  Cowie, 
B.D. ;  Dr.  Hofmann,  F.R.S. ;  T.  H.  Huxley,  F.R.S. ;  Dr.  Kinkel,  Ph.  D., 
F.R.Q.S. ;   J.  Percy,  M.D..  F.R.S. ;   A.  C.  Ramsay,  F.R.S. ;   W.  W. 
Smyth,  M.A.,  F.R.S. ;  T.  Thomson,  M.D.,  F.R.S.;  J.  Tyndall,  F.R.S. 
Rey.  Joseph  WooUey,  LL.D. 

Organizing  Master  for  Science  Classes. — J.  C.  Buckmaster. 

Art  Division. 

Inspector-General  for  Art. — Richard  Redgrave,  R.A. 

Inspectors  for  Art.—K.  A.  Bowler,  R.  G.  Wylde,  A.  3rd. 

Occasional  Inspectors  for  Art. — Eyre  Crowe,  S.  A.  Hart,  R.A. 

Professional  Examiners  for  -4r/.-- Daniel  N.  Maclise,R.A.;  J.  C.  Horsley,  R.A.; 

Richard  Redgrave,  RA 

Occasional  Examiner. — Rev.  J.  H.  Edgar. 

South  Kensington  Museum. 

General  Superintendent, — Henry  Cole,  C.B. 

Deputy  General  Superintendent. — E.  R.  Festing,  Captain  R.E. 

Director  of  New  Buildings. — Lt.-Colonel  Scott,  R.E. 

Decorative  Artist. — Godfrey  Sykes. 

Art  Referees  for  the  Museum. — R.  Redgrave,  R.A. ;  J.  C.  Robinson,  F.S.A. 

Superintendents  of  Museum  Collections. — ^R.  A.  Thompson ;   P.  C.  Owen  ; 

J.  H.  Pollen,  M. A.,  late  Fellow  of  Merton  College,  Oxfqrd. 
Division  Keepers  of  Museum  Collections. — G.  Wallis  ;  R.  H.  S.  Smith,  M.A., 
Trinity  College,  Dublin,  F.S.A. ;  W.  Matchwick  ;  H.  Sandham  j  R.  Laskey. 
Assistant  Keeper  of  Museum  Collections. — C.  B.  "Worsnop. 
Provisional  Assistant  Keepers. — C.  C.  Black,  M.A.,  Trinity  College,  Cam- 
bridge ;  R.  F.  Sketchley,  B.A.,  Exeter  College,  Oxford  ;  H.  E.  Acton  ; 
J.  W.  AppeU,  Ph.D.;  A.  C.  King,  F.S.A. 
CUrks  of  Collections.— l^.  Craven  ;  J.  B.  Rundell. 

Provisional  Clerks.— R.  Vernon  ;  A.  Masson  ;  F.  Coles,  S.  x.  xi.;  F.  Grower, 

A.  2nd  grade  ;  W.  G.  Johnson. 

Official  Photographer. — C.  Thurston  Thompson. 

Hon.  Surgeon. — ^F.  Seymour  Haden,  F.R.C.S. 

RoTAL  School  of  Naval  Architecture  and  Marine  Engineering. 

Inspector  General  and  Director  of  Studies. — Rev.  Joseph  Woolley,  LL.D. 

Principal.— C.  W.  Merrifield,  F.R.S. 

Vice  PrincipaL — ^Henry  Martyn  Taylor,  B.A.,  Scholar,  Trinity  College, 

Cambridge. 

Instructor  in  Naval  Drawing. — W.  B.  Baskcomb. 

Intructor  in  Engineering  Drawing. — John  Maxton. 

Instructor  in  Practical  Chemistry. — John  Davidson. 

Instructor  in  French. — M.  Penon. 

*  Ihe  letters  S  and  A  refer  to  the  Science  and  Art  Certificates  taken. 
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Summary  of  the  Nature  and  Amount  of  Assistance 
afforded  by  the  Science  and  Art  Department  to 
the  Industrial  Classes  in  procuring  Instruction 
in  Science. 


llmportant  Alter atUms  made  since  the  hut  edition  of  the  Directory  are 
printed  in  Italics,'] 

I.  A  sum  of  money  is  voted  annually  by  Parliament 
for  scientific  instruction  in  the  United  Kingdom. 

II.  This  sum  is  administered  by  the  Science  and 
Art  Department. 

III.  The  head  of  the  Education  Department  of 
which  the  Science  and  Art  Department  is  a  branch 
is  the  Lord  President  of  the  Council,  assisted  by  a 
member  of  the  Privy  Council,  who  is  called  the  Vice- 
President  of  the  Committee  on  Education,  and  who 
acts  under  the  direction  of  the  Lord  President,  and 
for  him  in  his  absence.  (Order  in  Council,  25th 
February  1856,  Act  19  &  20  Vict.  c.  116.) 

IV.  The  object  of  the  grant  is  to  promote  instruc- 
tion in  Science  especially  among  the  industrial 
classes,*  by  aflTording  a  limited  and  partial  aid  or 
stimulus  towards  the  founding  and  maintenance  of 
Science  schools  and  classes.f 

V.  The  payment  offees  by  the  students  1*^"*°^ 
can  be  looked  upon  as  the  only  solid  and  s^ente. 
suflScient  basis  on  which  a  self-supporting 

system  can  be  established  and  supported.  Though 
my  Lords  do  not  consider  it  necessary  at  present  to 
lay  down  any  rules  making  the  payment  of  fees  an 
absolute  condition  of  the  grants  on  account  of  Science 

*  Direct  payments  are  made  to  teachers  only  on  behalf  of 
adult  artisanSy  or  the  children  of  artisans,  or  the  children  of 
persons  who  are  not  assessed  to  the  income  tax,  that  is,  who  do 
not  possess  an  income  of  100/;  a  year.     (See  §  xviii.) 

t  The  amount  is  liable  to  be  decreased  and  eventually  with- 
drawn. Payments  to  teachers  therefore  must  not  be  looked  upon 
as  perpetual,  or  in  any  way  conferring  on  the  teacher  a  claim  to 
any  payments  beyond  those  offered  for  each  current  year. 
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instruction,  yet  as  the  payments  from  the  State  must 
be  expected  to  diminish,  and  as  aid  on  account  of 
those  persons  who  do  nothing  for  themselves  cannot 
be  justified,  Committees  of  schools  and  classes  and 
Teachers  are  strongly  urged  (should  it  at  present 
not  be  the  practice)  at  once  to  impose  as  high  a  scale 
of  fees  as  they  consider  can  be  raised  not  only  on 
middle  class  students  but  also  on  artisans. 

VI.  The  following  are  the  Sciences  towards  in- 
struction in  which  aid  is  given : — 

Subject  1,  Practical      Plane      and      Descriptive 

Geometry. 
„        2,  Mechanical  and  Machine  Drawing. 
„        3,  Building      Construction     or      Naval 

Architecture. 
„         4,  Elementary  Mathematics. 
„         5,  Higher  Mathematics. 
„         6,  Theoretical  Mechanics. 
„        7,  Applied  Mechanics, 
„         8,  Acoustics,  Light,  and  Heat, 
„         9,  Magnetism  and  Electricity. 

„  10,  Inorganic  Chemistrj'. 

„  11,  Organic  Chemistry. 

„  12,  Geology. 

„  13,  Mineralogy. 

„  14,  Animal  Physiology. 

„  15,  Zoology. 

„  16,  Vegetable   Physiology    and  Economic 

Botany. 

„  17,  Systematic  Botany. 

„  18,  Mining. 

„  19,  Metallurgy. 

„  20,  Navigation. 

„  21,  Nautical  Astronomy. 

„  22,  Steam. 

„  23,  Physical  Geography. 

VII.  The  assistance  granted  by  the  Science  and 
Art  Department  is  in  the  form  of — 

1.   Payments  on  results  to  certificated   teachers. 
(See  §  XV.,  xviii.,  and  xix.) 
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2.  Grants  towards  the  purchase  of  apparatus,  &c. 

(See  §  xxi.) 

3,  Public  examinations  in  which  Queen's  Medals, 

Honorary  Certificates,  and  Prizes  are  awarded, 
held  at  all  places  complying  with  certain  con- 
ditions. (See  §  xi.,  xii.,  xiii.,  xiv.,  xv.,  xvi., 
and  xvii.)  On  the  results  of  these  ex- 
aminations the  payments  are  made  to  the 
teachers.     (See  §  xv.  and  xViii.) 

VIII.  Examinations  for  certificates  to  Examinatioiis 
teach  any  of  the  before-mentioned  sciences  clrtifi^tes^* 
are  held  annually,  commencing  in  the  first 

week  in  November,  at  South  Kensington.  Exami- 
nations will  also  be  held  in  Dublin,  Edinburgh,  and 
Manchester  if  five  candidates  register  themselves  for 
examination  in  Ireland  and  in  Scotland  and  in  the 
north  of  England.  Any  person  whatever  may  attend 
this  examination  by  sending  in  his  or  her  name 
to  the  Secretary  of  the  Science  and  Art  Department, 
before  the  15th  October,  stating  the  subject  or  sub- 
jects in  which  he  or  she  wishes  to  be  examined. 
Certificates  of  three  grades  are  given  in  each  subject. 
These  certificates  are  only  considered  as  simple  re- 
cords of  the  results  of  examfnation  in  the  various 
sciences  before  mentioned,  entitling  the  teacher  to 
earn  payments  by  successful  teaching  in  the  subjects 
for  which  he  or  she  is  certificated.*  No  payment? 
can  be  made  to  a  teacher  on  account  of  instruction 
in  subjects  in  which  he  is  not  certificated. 

IX.  Suitable  premises,  with  firing, light-  Schwi  Pre- 
ing,  &c.,.must  be  found  and  maintained  ™'^^*' 

at  the  cost  of  the  locality  where  the  school  or  class 
is  held.  If  at  any  time  the  funds  do  not  cover 
these  requisite  local  expenses,  it  must  be  inferred 
that  there  is  no  such  demand  as  the  Government  is 
justified  in  aiding,  for  instruction  in  the  locality  ;  and 
the  assistance  of  the  Department  will  be  withdrawn. 

*  Such  examination  may  be  dispensed  with  in  cases  where  the 
candidate  has  taken  a  degree,  the  examination  for  which  satis- 
factorily meets  the  requirements  of  the  case.  Full  particulars 
must  be  furnished  by  the  applicant. 
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Local  Com-        X.  A  Local   Comiliittee  of  not  less 

™^**^^'  than  five  well  known  responsible  persons 

must  be  formed  in  connexion  with  every    Science 

Class,  who  will  carry  out  the  instructions  contained 

in  Appendix.    (See  pages  14  and  18  to  22.) 

E^immatioii  XI.  The  Sciencc  and  Art  Depart- 
under  Cer-  ment  holds  annually  in  May  (see  Science 
o^l^ra  Form,  No.  232,  page  59),  through  the 
^^  ®"'  agency  of  the  Local  Committees,  a  public 
examination  of  all  Science  schools  and  classes  in  any 
locality  throughout  the  United  Kingdom  which 
complies  with  the  requisite  conditions.  (See  §  x., 
xiii.,  and  xiv.)  On  the  results  of  this  examination 
the  payments  are  made  to  certificated  teachers.  (See 
§  XV.  and  xviii.)  Application  for  it  must  be  made 
before  the  end  of  March  in  each  year,  stating  the 
number  of  persons  and  the  subject  or  subjects  in 
which  they  are  to  be  examined.  The  form  of 
application.  Science  Form  No.  119  (seepage  22), 
will  be  sent  on  application  to  the  Secretary,  Science 
and  Art  Department. 

In  addition  to  the  above,  examinations  in  mathe- 
matics, navigation,  nautical  astronomy,  steam,  and 
physical  geography  are  held  for  the  benefit  of  sea- 
faring men,  and  for  them  only,  three  times  a  year 
in  all  seaports  where  Local  Committees  are  formed 
and  are  willing  to  undertake  them.  These  ex- 
aminations take  place  in  the  beginning  of  March, 
September,  and  December.  The  application  for 
these  examinations  must  be  made  on  Science  Form 
No.  119  before  the  10th  day  of  the  previous  month. 

^^^^^"^  XIJ.  A  school  or  class  taught  by 
ciaases.  a  teacher  not  holding  a  certificate,  may, 
by  applying  to  the  Secretary  of  the 
Science  and  Art  Department,  be  examined  at  the 
same  time  and  in  the  same  manner  as  the  classes 
under  certificated  teachers:  provided  that  a  Local 
Committee  be  formed  which  complies  with  the 
requisite  conditions.  (See  Appendix,  page  21, 
Science  Form,  No.  88  a.) 
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If  the  class  be  for  artisans  the  pupils  are  eligible 
to  receive  Queen's  Prizes  and  Queen's  Medals  under 
the  same  condition  as  the  pupils  of  certificated  teach- 
ers. Should  it  however  be  for  the  middle  classes  the 
pupils  are  not  eligible  for  prizes  and  medals,  but  re- 
ceive certificates  of  merit  instead. 

XIII.  If  two  or  more  classes  in  the  same  J^^^^s  of 

.  ..1  .  T_i        J*   ^  /•    Examination. 

town,  or  withm  a  reasonable  distance  of 
one  another,  apply  for  the  examination  of  the 
Science  and  Art  Department,  a  general  examination 
committee  must  be  formed  by  the  amalgamation  of 
the  several  Committees  to  carry  out  the  examina- 
tions at  some  common  centre,  such  as  the  town  hall 
or  other  public  building.  It  is  only  when  the  classes 
consist  of  100  or  more  candidates  that  such  amalga- 
mation of  the  committees  will  not  at  present  be  in- 
sisted on. 

XIV.  Any  persons  whatever,  whether  Examination 
taught  by  the  certificated  teacher  or  not,   students. 
may   present   themselves  at    the   Local 
Committee's  examination  on  registering  their  names 
in  time  for  the  Local  Committee  to  comply  with  the 
instructions,  and  paying  a  registration  fee  of  not  more 
than  2^.  6d.  each.     Arrangements  must  therefore  be 
made  by  the  Local  Committee,  or  the  General  Exami- 
nation Committee,  as  the  case  may  be,  to  enable  other 
candidates,  besides  the  students  in  the  class  for  which 
the  Committee  act,  to  present  themselves  at  this  ex- 
amination.   The  registration  fee  of  2^.  6rf.,  which  such 
candidates  may  be  required  to  pay,  is  to  reimburse 
the   Committee  for  any  extra  expenses  incurred  by 
such  attendance,  and  may  at  their  option  be  remitted. 

XV.  The  successful  candidates  at  the  ^/^g^^*''''' 
May  examination  and  the  quarterly  ex-  ^ 
aminations  of  seamen  are  classified  under  the  heads 
of  first,  second,  third,  Iburth,  and  ^h  class.  The 
standard  of  attainment  required  may  be  raised  from 
year  to  year.  For  the ^th  class  it  is  only  such  as  will 
justify  the  Examiner  in  reporting  that  the  instruction 
has  been  sound,  and  that  the  students  Ijave  benefited 
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by  it.  Those  who  have  attained  a  higher  degree  of 
proficiency  are  classed  as  4th,  drd,  2nd,  or  1st  clas^, 
according  to  their  merit. 

^'»  Xyi.  To  the  1st,  2nd,  and  Srd  class 

are  given  Queen's  prizes  consisting  of 
books  or  instruments  chosen  by  the  candidates  from 
lists  furnished  for  that  purpose.  These  are  unlimited 
in  number,  and  are  open  to  all  candidates  who  come 
within  either  of  the  following  categories,  except  as 
below,  see  a.  and  A.  ( 1 )  Students  in  Science  Classes 
under  Certificated  Teachers  ;  (2)  Registered  Students 
in  Artisan  Classes  taught  by  Non-certificatedTeachers, 
or  (3)  bond,  fide  artisans. 

Other  candidates,  if  successful,  receive  instead  Cer- 
tificates of  merit  recording  their  success. 

The  following  are  exceptions  to  the  above  rule. 
•  a.  Science  Certificated  Teachers ;  and 

b.  Students  who  have  previously  received  the  same, 
or  a  higher  class  prize,  in  the  same  subject. 

The  names  of  such  candidates  will  simply  be  re- 
corded in  the  published  lists. 

mSSs"  XVII.  To  the  four  best  in  each  subject 

are  awarded  Queen's  medals.  These  con- 
sist of  one  gold,  one  silver,  and  two  bronze  in  each 
subject  for  competition  throughout  the  United  King- 
dom. They  are  only  awarded  if  there  are  a  sufficient 
number  of  qualified  candidates,  and  the  gold  medal 
will  only  be  given  in  cases  of  high  merit  specially 
recommended  by  the  examiner.  The  same  candidate 
cannot  obtain  the  same  medal  in  the  same  subject 
more  than  once. 

Only  registered  students  of  schools  and  classes 
under  Local  Committees  (see  §  x.  and  xii.)  are 
eligible  for  medals.  They  cannot  be  taken  by  middle 
class  students  who  are  more  than  17  years  of  age. 
Students  who  but  for  this  restriction  would  have 
taken  the  medal,  will  receive  an  honorary  certificate 
instead.  Should  a  student  take  more  than  one  gold, 
silver,  or  bronze  medal,  he  will  receive  books  instead 
of  a  second  Qiedal. 
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XVIII.    Payments    are    made  to    the  TeiSS?*^ 
certificated    teacher    on    account  of   the 
instruction  of  students  of  the  Artisan  Classes  (for  de- 
finition of  Artisan  Class  see  Science  Form  No.  51, 
page  24)  in  the  following  manner : — 

1/.,  2/.,  3/.,  4/.,  5/.  are  the  claimable  payments  for 
each  student  in  each  subject,  according  to  the  class 
in  which  he  passes,  but  thes6  amounts  may  be  reduced 
in  the  following  ways : 

1st.  If  the  student  has  been  successful  in  the  same 
subject  before  such  payments  are  reduced  by  the 
normal  payment  which  was  claimable  on  such  pre- 
vious success ;  for  instance,  the  4/.  payment  for  a 
second  class  would,  if  the  student  had  jpreviously 
taken  a  fourth  class,  be  reduced  by  2/.* 

2nd.  If  a  student  be  successful  in  more  than  one 
subject  at  an  examination,  the  payments  on  account 
of  such  further  subjects  are  reduced  by  one  half. 

3rd.  When  on  this  scale  they  would  amount  to 
more  than  60/.  the  excess  up  to  40/.  is  diminished  by 
one  quarter,  the  excess  above  40/.  by  one  half.  Thus 
payments  which  on  the  above  scale  would  be  100/.  and 
150/.  will  be  reduced  to  90/.  and  115/.  respectively :  f 
— provided  that  the  student  has  received  25  lessons  J 
at  least  from  the  teacher  in  each  subject  in  which  he 
claims  payment  since  the  last  examination,  each 
lesson  being  an  attendance  at  a  meeting  of  the  school 
of  at  least  three-quarters  of  an  hour's  duration  on  a 
separate  evening.     The  25  lessons  need  not  neces- 

♦  Deductions  will  be  made  in  payments  on  account  of  Sub- 
ject I.  to  the  amount  of  any  payments  that  have  been  made  on 
Second  Grade  Examinations  in  Art,  in  practical  geometry,  per- 
spective or  mechanical  drawing. 

t  Thus,  100,  that  is  60+40,  is  reduced  to  60+40— J  of  40 
=  60+30=90.  150,  that  is,  60  +  40  +  50  is  reduced  to 
60+30+25=115. 

J  It  must  be  clearly  understood  that  the  number  {25)  of  lessons 
which  the  teacher  is  required  to  give  is  the  minimum  fixed  as  a 
criterion  that  the  pupil  has  received  his  instruction  from  the 
teacher.  It  is  not  meant  in  any  way  to  specify  that  that  amount 
of  instruction  is  sufficient,  or  to  guarantee  the  teacher's  receiving 
payment,  if  that  amount  of  instruction  alone  is  given. 
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sarily  be  all  given  in  one  year,  but  may  extend  over 
a  longer  period. 

FOTmof^im  XIX.  The  claim  of  a  master  for  the 
aymen  payments  under  these  several  heads  is 
made  on  Science  Form  No.  51,  which  will  be  sent 
on  application.  The  voucher  must  be  signed  by 
the  secretary  and  two  members  of  the  committee 
of  the  science  class  or  school;  or  by  at  least  three 
of  the  committee.     (See  Appendix,  page  24.) 

^^^  XX.  A  school  register  must  be  kept 

^'*^*  in  each  subject  on  a  form  which  will  be 
supplied  on  application.  This  must  be  made  up  from 
day  to  day,  and  will  be  examined  and  approved  by 
the  Inspector  on  his  visit.  It  must  be  sent  to  the 
Department  with  the  teacher's  claim  for  payment, 
and  no  payment  can  be  made  unless  it  is  properly 
kept. 

Grants  for  XXI.  A  grant  towards  the  purchase  of 

^^^^  '  apparatus,  diagrams,  &c.,  of  50  per  cent, 
on  the  cost  of  them,  is  made  to  science  schools  and 
classes  in  Mechanics'  and  similar  institutions  where 
the  teacher  is  certificated,  and  to  the  extent  of 
51.  to  other  poor  schools  and  classes.  A  requisi- 
tion must  in  these  cases  be  made  on  Science  Form, 
No.  49.     (Seepage  30.) 

Traveiung  XXII.  The   travelling  expenses  (se- 

Expenses  of  ,     •.  .i  r  -i      ^  r^ 

Teachers.  cond-class  railway  fare,  and  10^.  per 
diem  personal  allowance)  of  a  candidate 
in  attending  the  November  examination  are  paid  if 
he  be  successful  in  taking  a  certificate  or  in  improving 
the  grade  of  one  he  has  already  taken,  provided  the 
candidate  is  bon4  fide  engaged  in  tuition,  or  is  pre- 
paring for  tuition. 

Ingtojiction  in         XXIII.  All  payments  to  certificated 

an  ElementaPT      ,         i  j.     r  cf   '  x        !_• 

School.  teachers  on  account  of  Science  teaching 

are  made  by  the  Science  and  Art  De- 
partment, and  are  only  made  in  respect  of  a 
school  in  connexion  with  the  Science  and  Art  De- 
partment.    They   do  not  apply  to  any  instruction 
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in  Science  that  may  be  given  during  the  three 
attendances  of  an  Elementary  School  receiving  aid 
from  the  Education  Department,  Whitehall. 

XXIV.    These  grants  are  only  made  ^^e  of 
while  the  teacher  is  giving    instruction   scSoS^ 
in  a  day   or   evening    school   or    class  ^P^emises. 
for « the    industrial    classes    (adults    or 
boys),   approved  by  the  Science  and  Art  Depart- 
ment,  and  open  at  any  time   to  the  visit  and  in- 
spection   of   its    oflScers.      The    Managers    of   an 
Elementary   School    under    the    inspection  of   the 
Education   Department   can    permit    such  part  or 
parts   of   their    premises    to   be  used  for   Science 
teaching  as  shall  not  interfere  in  any  way  with  the 
three  attendances  of  the  Elementary  School. 

N.B. — On  the  next  page  will  be  found  a  table  of 
memoranda  for  the  use  of  Secretaries  and  Mem-- 
bers  of  Science  Committees  {Science  Form^ 
No.  170)  which  it  is  expected  will  be  carefully 
attended  to.  This,  as  well  as  the  other  forms 
given  in  the  Directory,  can  be  had  on  appli- 
cation to  the  Secretary,  Science  and  Art 
Department. 
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APPENDIX. 


SCIENCE  FORM,  No.  170. 

MEMORANDA   FOR   THE    USE   OF    SECRETARIES    AND 
MEMBERS  OF  SCIENCE  COMMITTEES. 
Dates. 

Before  30tli  Novem- 
ber. 
Constantly  -    -    - 


Before  1st  January 
Before  3l8t  March 
Before  24th  April - 
On  the  27th  April 


During    the    May 
examinations. 


On  the  evening  of 
examination. 


After  the  May  ex- 
aminations. 


Formation  of  Committee,  Form  No.  88.  Or  con- 
tinuation of  Committee,  Form  No.  168. 

To  visit  the  School  and  see  that  the  Register  is 
kept  from  day  to  day,  and  that  everything  is 
regular. 

To  carefully  fill  in  and  send  to  the  Department 
Form  No.  120. 

To  send  Form  No.  119  applying  for  examination  in 
May. 

To  see  that  Form  No.  91  is  hung  up  in  the  School- 
room. 

If  a  parcel  containing  (1)  the  papers  for  the  candi- 
dates to  work  upon,  (2)  copies  of  Form  No.  91, 
one  for  each  day's  examination,  and  (3)  envelopes 
in  which  to  return  the  worked  papers,  should  not 
have  been  received,  or  if  there  should  be  any 
mistake  in  the  numbers  sent  for  each  subject  as 
applied  for,  or  in  the  covering  letter,  to  communi- 
cate at  once  to  the  Department. 

The  examination  papers  for  each  evening  will  leave 
London  by  the  night  mail  two  evenings  before, 
f.c.,. Thursday  evening  papers  wll  leave  on  Tues- 
day evening,  Friday's  on  Wednesd«^  evening, 
etc.  Should  they  not  arrive  accordingly,  a  tele- 
gram to  be  sent  at  once  to  the  Department. 

The  candidates,  being  all  seated  at  6.50,  to  read 
out  the  rules  on  Form  No.  91,  then  give  out  the 
papers  to  be  worked  on.  Then  at  6.55  to  break 
the  seal  of  the  examination  papers  and  distribute 
to  the  candidates.  To  adhere  rigidly  to  the  rules 
on  Form  No.  91.  To  sign  Form  No.  91,  To 
seal  up  the  papers  in  one  of  the  envelopes  pro- 
vided and  at  once  post  them. 

On  receiving  lists  of  the  results  to  give  one  copy 
to  each  candidate  whose  name  appears  in  it  as 
being  successful ;  to  inform  the  others  they  have 
failed. 

To  return  Form  No.  161  filled  up  as  soon  as  pos- 
sible in  strict  accordance  with  the  rules  on  Form 
No.  110.  (Prize  List).  To  return  Form  No.  123. 
To  examine  and  certify  Teacher's  claims  for  pay- 
ment. Form  No.  51,  and  the  School  Register, 
which  must  be  sent  up  at  the  same  time.  To 
return  Form  No.  108. 

To  keep  a  record  of,  and  inform  the  Department 
of.  the  number  of  individuals  examined. 
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EXHIBITIONS  AND  FREE  ADMISSIONS  AT  THE  ROYAL 
SCHOOL  OF  MINES,  LONDON. 

Royal  Exhibitions. 

L  There  are  eight  Royal  Exhihitions  to  the  Royal  School  of  Mines, 
Jermyn  Street,  of  the  vidue  of  50/.  per  annum,  entitling  the  holders  to 
free  adniissions  to  all  the  lectures,  and  to  the  Chemical  and  Metallurgical 
Laboratories  at  the  Royal  School  of  Mines,  to  be  held  from  year  to  year 
for  three  years,  on  the  condition  that  the  holder  attends  the  lectures 
regularly  during  those  years,  and  passes  the  examinations  required  for 
the  associateship  of  the  School. 

At  the  May  1866  examination  two  of  the  above  Royal  Exhibitions 
will  be  open  for  competition  -independently  of  the  prizes,  &c.  oflPered  by 
the  Science  and  Art  Department. 

AD  persons  over  21  years  of  age,  excepting  artisans,  and  such  as  come 
within  the  categoij  of  persons  paid  upon  under  the  Science  Directory, 
wtIL  be  excluded  from  competing  for  the  Royal  Exhibitions.  Special 
cases,  however,  must  be  determined  according  to  the  spirit  of  the  rules, 
and  the  object  of  the  endowment. 

The  competition  for  the  Royal  Exhibitions  will  be  determined  by 
affixing  the  following  values  to  the  several  results  of  the  May  examina« 
tion  (see  Science  Directory),  viz. : — 


To  a  ist  gratde  Qo^n's  Ttixe,  in  any  auldect 
To  a  tod   „  „  „ 

To  a  3rd    „    ,  „  „ 

Toa4th   »  -  -         -  „ 

To  a  6th  „  -  -  .        -         „ 


0  marks. 
7     .• 

5     „ 

1  « 


and  in  addition — 


For  a  gold  medal  •   .       •  ,.  -     .    -  10      , 

For  a  silyer  medal         -   .        -  ^  <  -  -   7     »  * 

^  ""  For  a  bronsie  medal       •  -         „  -  -   6     » 

K.B.— Science  Certificated  Teachers  may  com^te  for  the  Boyal  Exhibitions.  'When 
coming  up  simply  with  this  object,  they  should  inform  the  Science  and  Art  Department, 
so  that  their  names  may  not  appear  in  the  published  list  with  the  students. 

Free  Admissions. 

2.  Free  admissions  to  th.e  lectures,  at  the  Royal  School  of  Mines, 
Jermyn  S^et,  are  gn^nted  to  any  person  who  takes  a  gold  medal  in  the 
May  examination.  . ..  /      \ . . . . 
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^>  V>I)  FREE  a:a:]ksi;^'->  ^t  thl  gotelv 
-  ^ :  N.'iiooL  Of  siiX-ViL  tze-j: 

Hjyal  ExHrjiT^iprr* 

a.    ExhiSitxEj  31  -ttis   ^  Jill!  iiiM-  imoo^  of 
i..ir  ii\'»<V.  per  Miniiiit  •naiac"  *Bf  lioiflf&tt 

■  ...fiK  S<h*»oi  c^  S-ufin-  Jn:   -  -»  te  flclt 

•*    t«r*.  (in  tbf  ccc  rrani  lar  -nr  »iJiacr«tBnifc 

^  *!!<>!r  revs,  ftml  jaams  ios  tiiM'tiimoffi 

a:  •>!  three  of  tbf  aocv?  ljv;a!  Xsniomaffi 
.    ..^*j|>tuati:tlT  0^  vat  jrw^  5C  ofieieL  k 


'    Muu  upon  under  the  Sc 

.oi^  tor  oie  BuvbI  F.Tii^'ir  ■■■     %bcb1 

— lei.  Mcordmg  to  the  qiEX  d  wtJolA, 


^    .wnitntiam  wfll  be 
>r«-mi.  resullB  of  tiie 


!•       « 


i^Tl 
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Form  of  Application  for  the  Royal  Exhibitions  to  the  Royal 
School  of  Mines,  Jermyn  Street,  London,  and  the  Government 
School  op  Science,  Dublin. 

The  following  candidates  at  the  recent  May  Examinations  are  candi- 
dates for  the  B^yal  Exhibitions  at  the* 


and  they  are  either — 

1.  Under  21  years  of  age. 

2.  Or  artisans  or  operatives  in  the  receipt  of  weekly  wages,  supporting 

themselves  by  their  own  manual  labour,  or  their  children  not 
earning  their  own  livelihood. 

3.  Or,  although  not  artisans,  yet  such  as  may  fairly  be  considered  as 

belonging  to  the  industrial  classes,  as  coming  within  one  of  the 
following  categories,  or  being  the  children  of  such. 

a.  Though  paid  at  longer  intervals  than  a  week,  stiU  supporting 
himself  by  his  own  manual  labour  and  not  by  profit  on  the  labour 
of  others,  that  is,  not  employing  apprentices,  journeymen,  etc. 

h.  Though  not  supporting  himself  by  manual  labour,  yet  being 
of  the  same  means  and  social  level  as  those  who  do  so,  (such  as 
shopkeepers  who  have  only  petty  stocks  and  employ  no  one  but 
members  of  their  own  family,)  policemen,  coastguards,  etc. 

c.  Though  not  supporting  himself  by  manual  labour,  yet  such 
as  it  would  be  unreasonable  to  expect  to  pay  the  fee  of  middle 
class  students,  as  some  descriptions  of  clerks,  shopmen,  etc.,  and 
we  certify  that  they  or — ^in  case  they  are  not  earning  their  own 
livelihood — ^their  fathers  are  not  assessed  to  the  income  tax. 

4.  That  they  are  entitled  to  be  considered  as  a  special  case  on  the 

following  grounds : — 


We  hereby  certify  that  the  above  particulars  are  correct. 

^^Chairman  or  Secretary. f 

{Two   members  of  the 
Committee.f 

*  After  each  name  must  be  stated  all  the  successes  of  the  candidate  at  the 
May  Enaminations  and  the  category  under  -which  he  claims. 

f  Should  the  candidate  not  have  been  a  student  in  any  Science  School  or 
Class  nnder  *&  regular  constituted  Committee,  this  voucher  must  be  certified 
by  three  householders  whose  occupation  and  address  must  be  given  in  fulL 
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SCIENCE  FOBM,  iTo.  88. 


LOCAL  COMMITTEES  FOR  SCIENCE  SCHOOLS 
AND  CLASSES. 

L  A  Local  Committee  of  not  less  than  five  well-known  responsible 
persons  must  be  formed  in  connexion  with  every  Science  class,  m  order 
to  comply  with  the  necessaiy  requirements  of  the  Science  and  Art  De- 
partment, and  to  carry  out  various  arrangements  on  its  behalf  necessarv' 
for  testing  the  efficiency  of  the  science  instruction,  on  the  proof  of  which 
alone  the  aid  of  the  Department  is  given. 

2.  The  gentlemen  proposed  to  act  on  this  Conmiittee  are  to  fill  in  the 
form  on  the  next  page,  stating  their  willingness  to  carrv  out  the 
necessary  arrangements  for  examinations,  &c.,  and  giving  the  address 
and  occupation  of  each  member. 

3.  The  relation  of  the  Committee  to  the  teacher  of  a  Science  school  or 
class  will  vary  much  according  to  the  varying  circumstances  of  different 
localities.  In  some  places  where  the  demand  for  science  instruction  is 
great,  and  there  is  an  energetic  local  teacher  to  take  advantage  of  it,  the 
chief  duty  of  the  Local  Committee  may  be  to  give  the  teacher  the 
necessary  vouchers  for  obtaining  his  payments.  While  in  other  places, 
where  those  who  take  an  interest  in  and  wish  to  further  science  instruc- 
tion may,  with  that  object,  subscribe  to  and  establish  scientific  classes 
either  in  connexion  with  an  existing  institution  or  not,  and  may  engage 
a  teacher  certificated  in  science  to  instruct  the  classes,  the  teacher  must, 
to  a  great  extent,  be  the  paid  officer  of  the  Committee.    With  these  local 

.  arrangements  the  Science  and  Art  Department  does  not  interfere,  but 
leaves  them  to  the  locality  to  settle.  The  local  circumstances  will  de- 
termine whether,  as  in  the  first  case,  the  master  receiving  the  whole  of 
the  fees  for  instruction  should  provide  at  his  risk  the  room  for  instruc- 
tion, with  the  necessary  firing,  lighting,  &c.,  or  what,  as  in  the  second 
case,  should  be  the  proportion  of  the  fees  deducted  on  this  account  by  the 
Committee. 

4.  The  Science  and  Art  Department  requires  that  the' Local  Committee 
shall— 

a.  Be  responsible  for  the  safe  custody  of  all  apparatus  towards  the 
purchase  of  which  the  Department  has  paid  50  per  cent. 

5.  That  they  shall  pro^de  a  room  or  rooms  of  sufficient  size  to  cany 
out  the  annual  examination  according  to  the  detailed  regulations 
under  that  head.  This  examination  is  of  aU  persons 'who  wish  to 
present  themselves,  and  not  only  of  those  taught  by  the  certifi- 
cated teacher ;  but  those  persons  who  are  not  taught  by  the  certi- 
ficated teacher  must  send  in  their  names  before  the  1st  March,  and 
may  be  required  to  pay  a  registration  fee  of  2*.  6d,  for  the  whole 
examination. 

c.  That  a  school  register,  showing  the  attendance,  number  of 
lessons,  payment  of  fees,  &c.,  on  an  approved  form,  be  kept 
properly  filled  up,  and  sent  to  the  Science  and  Art  Department 
when  required. 

d.  That  they  shall  send  in  to  the  Secretary  of  the  Science  and  Art 
Department  the  list  of  students  to  be  examined,  before  the  end  of 
March,  specifying  the  subjects  in  which  they  are  to  be  examined. 
That  they  shall  be  responsible  for  conducting  and  superintending 
the  examination :  givmg  out  the  examination  papers  which  will  be 
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sent  for  that  purpose :  seeing  thetn  worked  fedrly  and  certifying 
to  the  some,  not  less  than  turee  of  the  Committee  being  always 
present :  and  sending  the  worked  papers,  under  seal,  by  the  day's 
post  to  the  Secretary  of  the  Science  and  Art  Department. 
e.  That  they  shall  certify,  firstly,  that  those  students  on  whose  ex- 
amination the  teacher  bases  his  claim  to  payments  on  results,  are 
artizans  or  operatives,  or  their  children,  or  can  claim  as  such  (see 
Science  Form,  No.  61) ;  and,  secondly,  that  they  have  received  25 
lessons  at  least  from  the  teacher  in  the  year  or  since  the  last  exami- 
nation, on  their  passing  at  which  payment  was  claimed  on  their 
account. 

5.  The  Science  school  or  class  must  be  at  all  times  open  to  the  visit 
and  inspection  of  the  officers  of  the  Science  and  Art  Department  as  a 
condition  to  the  grant  of  aid  from  it ;  if  at  any  time  it  is  found  that  the 
apparatus,  &c.,  towards  the  purchase  of  which  a  grant  has  been  made  is 
not  properly  taken  care  of,  or  that  a  proper  room  with  firing,  lighting,  &c., 
is  not  provided  for  the  class,  the  aid  of  the  Department  will  be  with- 
drawn. 

Note.— As  it  is  to  the  Committee  that  the  Department  looks  to  cany  out  the 
ipreat  proportion  of  the  duties  of  the  school,  as  many  as  possible  of  the  mem- 
bers of  the  Committee  should  attend  on  the  inspector's  visit. 


ToBM  of  Application  to  act  as  a  Committed  for  a  Science  School  or  Class. 

We  the  undersigned, 

[/.  The  Committee  shall  be  composed  entirely  of  well-knoMm  responsible  persons 
of  position  who  are  quite  independent  of  the  school  or  class,  and  who  have  no 
such  personal  interest  in  it  as  can  lay  them  open  to  the  slightest  suspicion  of 
partiality ;  and  of  course  no  member  should  be  connected  with  the  Teacher, 
have  any  pupils  for  examination,  or  be  a  pupil  himself. 

g.  It  is  very  desirable  that  as  many  persons  as  possible  in  recognized  positions  of 
public  responsibility  in  the  district,  such  as  Magistrates,  Municipal  Autho- 
rities (Mayor,  Aldermen,  or  Town  Councillors),  Head  of  Educational  Estab- 
lishments (IVustees  of  Grammar  Schools,  Managers  of  National  Schools), 
Clergymen,  &c.,  should  be  on  the  Committee. 

h.  It  is  absolutely  necessary  that  at  least  two  such  responsible  persons  should 
agree  to  act. 

«.  The  Committee  must  consist  of  a  Chairman,  Secretary,  and  at  least  three  other 
Members. 

*.  The  Chairman  must  be  a  Magistrate,  Mayor,  Boroughreeye,  Provost,  or  Alder- 
man, or  other  public  officer  of  recognized  position,  Trustee  of  Grammar 
School,  or  Clergyman  of  the  Established  Church  in  parochial  employment. 

I.  The  Chairman  of  the  Committee  will  inform  My  Lords  as  to  the  constitution  of 
the  Committee  being  in  accordance  with  these  requirements. 

ffi.  The  Secretary  of  the  Committee  of  the  Science  School  or  Class,  as  bein^  the 
medium  of  communication,  will  carry  on  all  correspondence  with  the  Science 
and  Art  Department,  and  is  held  responsible  for  making  out  and  sending  all 
returns  required,  for  the  receipt  ana  distribution  of  the  examination  papers, 
the  transmission  of  the  workea  papers,  Ac,  at  the  proper  times  according  to 
the  regulations ;  and  In  consequence  of  the  necessary  demands  on  his  time 
and  trouble  My  Lords  have  sanctioned,  provisionally,  the  payment  to  him 
of  the  following  fees :— 1^.  annually  for  furnishing  the  returns,  &o.  specified  on 
Science  Form,  Wo.  170,  connected  with  any  Science  school  or  class,  and  11,  in 
addition  for  each  day's  examination  held  by  the  Committee  to  which  he  is 
Secretary.  The  Secretary  must  be  a  member  of  the  Committee ;  the  require- 
ments in  par.  1  apply  equally  to  him. 

It.  This  form  is  to  be  filled  in  and  returned  to  the  Department  annually  before  the 
16th  December,  except  in  the  case  of  new  schools  or  classes,  when  it  should 
be  made  as  soon  as  tney  are  formed.] 

propose   to    act  as  the    Local  Committee  for  the  Science  Class  held  at 
and  taught  by , . 
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We  undertake  for  the  year  at  least,  and  further  till  another  Committee 

satisfactory  to  the  Science  and  Art  Department  has  been  appointed, 

1.  To  be  responsible  for  the  safe  custody  of  all  the  Apparatus,  Dia- 
grams, &c.,  towards  the  purchase  of  vhich  the  Department  has  in  any 
-way  contributed. 

2.  That  three  or  more  of  our  number  will  be  ready  at  the  appointed  time 
to  be  present  at,  and  superintend,  the  examinations  of  the  Science 
Class  according  to  the  instructions  of  the  Science  and  Art  Depart- 
ment, and  give  the  teacher  the  necessary  vouchers. 

3.  That  a  room  or  rooms  shall  be  provided  for  the  due  carrying  out  of 
such  examination,  according  to  the  rules  of  the  Department,  providing 
sufficient  space  for  the  examination,  not  only  of  all  persons  taught  by 
the  certificated  teacher,  but  of  all  others  who  may  wish  to  attend  the 
examination. 

(A  fee  of  not  more  than  28.  6d.  may  be  charged  on  each  applicant  for 
examination  who  is  not  a  student  in  tlie  class,  to  reimburse  the  Committee  in 
any  extra  expenses  they  may  be  put  to  in  providing  a  room). 

4.  That  the  School  or  Class  shall  be  open  at  any  time  to  the  visit  and 
inspection  of  the  Officers  of  the  Science  and  Art  Department. 


SlCHTATrKE. 

Addbess. 

Occupation,  specially  stating 

how  fulflllinflr  the  conditions 

of  "  g."  and  "  k."  above. 

Chainnan, 

Secretary. 

I  certify  that  this  Committee  complies  with  the  requirements  of  the  rules 
1,  2,  3,  4,  and  5. 


Chairman, 

The  Secretary, 

Science  and  Art  Department 

This  form  map  be  had  on  application  to  the  Secretary,  Science  and  Art 
Department,  South  Kensington, 


SCIENCE  FORM,  No.  168. 

Where  the  same  Committee  proposes  to  act  again  it  will  not  be  neces- 
sary to  resign  the  above.  No.  88,  but  only  to  hold  a  meeting  and  fill  up 
this  form.  No.  168,  whicli  may  be  had  on  application. 
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SCIENCE  FORM,  Ko.  88  a. 

LOCAL  COMMITTEES  FOR  SCIENCE  SCHOOLS  AND  CLASSES 
NOT  RECEIVING  AID  FROM  BUT  EXAMINED  BY  THE 
SCIENCE  AND  ART  DEPARTMENT. 

This  Fonn  is  a  modification  of  the  previous,  No.  88.,  and  may  he  had  on 
application  to  the  Secretary,  Science  and  Art  Department,  South  Kensington. 


SCIENCE  FORM,  No.  120. 

SCIENCE  CLASSES  UNDER  CERTIFICATED  TEACHERS. 

Annual  Report  of  Science  School  ob  Class, 

To  he  made  on  its  estahlishment,  and  annually  (before  the  Ist  January)  of  its 

continuation. 

Name  of  Town — ^_« 

Place,  as  Mechanics*  Institution,  &c.,  in  which  the  Classes  are  held . 

Name  of  Street,  No.,  &c. 


Name  of  Teacher  or  Teachers^ 
Their  private  addresses 


Total  No.  of  individual  Students, 


(If  a  student  attends  two  or  more  classes  he  must  only  b^  counted  as  one  student.) 


Classes  iir 
(state  subject). 


Fees. 


No.  of 
Students. 


Days  on  which 
they  meet. 


Hours  of 
Meeting. 


Period  of  the  Year 

during?  which 
Che  Glasses  continue. 


Names  op  Secbetaet  Airn  Mbmbbes  op  the  Committee. 
(The  undertaking  on  Science  Form,  No.  88,  is  for  the  year  at  l«wt,  and  farther  till 
another  Committee  satisftustory  to  the  Science  and  Art  Department  has  been  appointed. 
This  Form,  No.  88,  must  therefore  be  filled  in  and  sent  to  the  Department  annually 
when  the  class  recommences,  except  in  those  cases  in  which  the  whole  of  the  Committee, 
wishing  to  continue,  formally  authorize  the  Chairman  and  Secretary  to  renort  to  that 
effect.  It  will  then  onljr  be  necessary  for  netc  members  to  9ign  the  form  undertakmg  to 
perform  the  various  duties.) 
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rOBM  Ko.  363. 

form^  which  may  be  had  on  application  to  the  Secretary,  Science 
and  Art  department,  is  JiUed  up  in  italics  as  an  example  of  the  manner  in 
which  it  should  he  done. 

An  Account  of  Teatellino  and  Fbssonal  Exfbnsbs  disbubsed  and 

chaboed  bt 

Thomas  Jones, 

From  the  2nd  November  I860,  to  the  4th  November  1860. 


I  hereby  certify  that  the  traTelUng  expenses  detailed  below  have  been  ac- 
tually disbarsed  by  me  in  traTcUing  in  the  execution  of  my  public  duties,  that 
the  personal  expenses  are  charged  according  to  the  regulations,  and  that  the 
total  sum  of  £1  13«.  8<f.  is  due  to  me  for  the  services  stated. 

Thomas  Jones, 

[Name  and  title  of  officer  to  be  specified.] 

Teacher  of  Chemistry  in School  of  Brighton. 


Date 

upon  which  the . 

services  were 

Performed. 

In  this  column  must  be  stated  the  service  on  account  of 

which  the  journeys  were  performed,  and  the 

details  of  the  expenses  incurred. 

Total 
Amount. 

4660, 
mid  November, 
srd  November, 
tf^  November. 

To  attend  examination  in  Chemistry  held  at 

Bailwav    fare   from  Brighton   to    London 
{9nd  Class) o   6   6 

Omnibus  fare  to  and  from  Charing  Cross  and 
South  Kensington 0    0    3 

EaiUoay  fare  from  London  to  Brighton       -066 

0    48  6 
4     0    0 

4    43  6 

'Svn.— Should  thesucces^^  candidate  live  in  London,  Edinqurgh^  dte,  or  near  enough 
to  get  home  at  night,  he  is  only  to  he  allowed  ss.  per  diem  besides  his  travelling  expertses.' 


Examined  and  approved, 


Secretary. 


Bcceived  thi8_ 


_day  of_ 


-pounds- 


-shillings  and_ 


ment  of  the"  above  amount 
£ 


.18         ,  the  sum  of 
pence,  in  pay- 
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SCIENCE  FORM  No.  61, 

SCIENCE   AND   ART  DEPARTMENT   OF  THE  COMMITTEE  OF 
COUNCIL  ON  EDUCATION,  SOUTH  KENSINGTON, 


Application  frorn^ 


Science  Teacher  in . 


School  or  Institution  at 


Jot  payment. 


On  behalf  of  the  Committee  of  Management  of  this  School,  We  do  hereby 
certify ; — 

(1).  That  Mr. has  duly  performed  the  Marions  duties 

dcTolving  upon  him  as  a  Science  Teacher  in  the  School,  during  the 

ending day  of  186    . 

(2).  That  he  has  given  the  following  Students  at  least  25  lessons  during 
the  year,  or  since  the  last  examination  at  -which  payment  was  claimed 
on  their  account,  in  each  subject  for  which  payment  is  claimed. 
(3).  That  the  under-mentioned  students  are  artizans  or  operatives  *  in  the 
receipt  of  weekly  wages,  supporting  themselves  by  their  own  manual 
labour ;  or  their  children  not  earning  their  own  livelihood, 

Secretary, 

.^.^_________^_____^___  1  Two  mem- 

V     bersof 
. J  Committee. 


I  hereby  certify  that  the  following  particulars  are  correct 


-Teacher. 


Names  of  passed  Artizan  on  Operatite  Students.* 

N.l^.— The  names  of  the  students  must  be  arranged  alphabetically.  After  each  stu- 
dent's name  must  be  placed  his  several  successes  (if  he  has  more  than  one) ;  and 
in  the  last  column  the  amount  claimed  on  each  success  after  making  the  proper 
deductions. 


Surname. 

Christian 

Name  in 

fUU. 

^1 

Trade,  or 

father's  trade. 

(State  which 

is  given). 

Position  at 

the  late 
Examination. 

Highest  Position 

in  same  Subject 

at  any  previous 

Examination. 

Pay. 

ment 

Subject.  1  Grade. 

claimed. 

&c. 

*  Should  the  Teacher  have  instructed  any  Students  who  may  fidrly  be  considered  to 
belong  to  the  industrial  classes,  but  whose  wa|^  are  paid  at  longer  intervals  than  a 
week,  or  who  do  not  support  themselves  bjr  their  own  manuid  labour,  the  claims  on 
their  account  must  be  made  by  the  Committee  of  the  school  on  the  form  on  naae  S 
when  they  wiU  be  considered  on  their  merits.  ^     ' 


Digitized 


byGoogk 


25 


On  behalf  of  the  Committee  of  the  School,  We,  the  undersigned,  beg  leare 

to  recommend  that  the  Teacher,  Mr be  allowed  to 

claim  the  allowances  on  the  following  students,  whom  we  consider  may  fairly 
be  taken  as  belonging  to  the  industrial  classes,  as  coming  within  one  of  the 
following  categories,  or  being  the  children  of  such. 
a.  Though  paid  at  longer  intervals  than  a  week,  still  supporting  himself  by 
his  own  manual  labour  and  not  by  profit  on  the  labour  of  others,  that 
is  not  employing  apprentices,  journeymen,  &c. 
If.  Though  not  supporting  himself  by  manual  labour,  yet  being  of  the  same 
means  and  social  level  as  those  who  do  so  such  as  shopkeepers  (who 
have  only  petty  stocks  and  employ  no  one  but  members  of  their  own 
family),  policemen,  coast-guards,  &c. 
c.  Though  not  supporting  himself  by  manual  labour,  yet  such  as  it  would 
be  unreasonable  to  expect  to  pay  the  fee  of  middle  class  students,  as 
some  descriptions  of  clerks,  shopmen,  &c. 
We  certify  to  the  best  of  our  belief— 
(O.  That  he  has  given  them  (25)  lessons  at  least  dnring  the  year,  or  since 
the  last  examination  at  which  payment  was  claimed  on  their  account, 
in  each  subject  for  which  payment  is  claimed. 

That  they,  or — in  case  they  are  not  earning  their  own  livelihood — their 
Others  are  not  assessed  to  the  income  tax. 

That  the  following  particulars  on  which  the  Teacher  grounds  his 
application  are  correct. 

_____^ Secretary. 

"I  Two  mem- 

I     hers  of 

J  Conmiittee. 

-Teacher. 


(2). 
(3). 


I  hereby  certify  that  the  following  particulars  are  correct 


Names  op  Passed  Students  claimino  as  Industrial  Classes. 

If.B.— The  names  of  the  students  must  be  arraoired  alphabetically.  After  each  student's 
name  must  be  placed  his  several  successes  (if  he  has  more  than  one) ;  and  in  the  last 
column  the  amount  claimed  on  each  success  with  the  proper  deductions. 
Under  the  names  (\f  students  in  category  **c"  a  line  must  be  drawn. 


Bumamo. 

Christian 

Name  in 

full. 

Trade,  or 
other's  trade. 
(State  which 

is  given). 

Position  at 

the  late 

Examination. 

Highest  Position 

in  same  subject 

at  any  previous 

Exammation. 

Pay. 

ment 

claimed. 

SubJ«>et.  1    Grade. 

' 

&c. 

The  Secretary, 

Science  and  Art  Department 


(The  following  particulars  will  be  filled  up  at  South  Kensington.) 
Examined  and  found  correct  to  the  extent  of 


Approved^ 


^day  of__ 
.day  of _ 


.186 
.186 
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[specimen.] 

Science  Fomiy  No.  51. 
South  Kensington,  July  1865. 

SCIENCE   AND   ART   DEPARTMENT   OF  THE  COMMITTEE  OF 
COUNCIL  ON  EDUCATION,  SOUTH  KENSINGTON. 

Application  from  John  Smith,  Science  Teacher  in  the  Science  School 
or  Institution  at  Midhurst  for  payment. 


On  behalf  of  the  Committee  of  Management  of  this  School,  We  do 
hereby  certify : — 

(1.)  That  Mr.  J.  Smith  has  duly  performed  the  various  duties  de- 
volving upon  him  as  a  Science  Teacher  in  the  School,  during 
the  year  ending  3\st  day  of  May  1866 ; 

(2.)  That  he  has  given  the  following  Students  at  least  25  lessons 
during  the  vear,  or  since  the  last  examination  at  which  pavment 
was  claimed  on  their  account,  in  each  subject  for  which  pay- 
ment is  claimed ; 

(3.)  That  the  undermentioned  students  are  artizans  or  operatives  *  in 
the  receipt  of  weekly  wages,  supporting  themselves  by  their  ovm 
manual  labour;  or  their  children  not  earning. their  ovm  livelihood, 

Wm,  Brown,  Secretary. 

John  Jones.  I '^^^' 
James  Rolnn»on,\^^^^^^ 

I  hereby  certify  that  the  following  particulars  are  correct. 

John  Smith,  Teacher. 

Names  of  Passed  Abtizan  ob  Operative  STm>EirT8.* 

N3<— The  names  of  the  students  must  be  arranged  alphabetically.  After  each  student's 
name  must  be  placed  his  several  successes  (if  be  nas  more  than  one) ;  and  in  the  last 
column  the  amount  claimed  on  each  success  after  making  the  proper  deductiion. 


Surname. 

Christian 
Name 
in  full. 

Trade,  or 
father's  trade. 
(State  which 

is  given). 

Position  at 

the  late 
Examination. 

Highest  Posi- 
tion in  same 
Subject  at 
any  previous 
Examination. 

Payment 
clahned. 

Stitjeet. 

Grade 

Adams, 
Barber, 
SrnUh, 

James, 
»» 

Joh!n  Wm, 
Henry, 

Wtliiam, 

22 
14 
li 

Carpenter, 

M 

Butcher  if) 
Baker  if) 

X. 

XL 

XIV. 

X. 

XL 
L 

1st 
Pass 

1st 

4^ 
2nd 

£  s, 
6    0 

1  0     - 
0  10 

0  10 

2  0 
6    0 

*  Should  the  Teacher  have  instructed  any  Students  who  may  fairly  be  considered  to 
belong  to  the  industrial  classes,  but  whose  wages  are  paid  at  longer  intervals  than  a 
week,  or  who  do  not  siipport  themselves  by  their  own  manual  labour  the  claims  on 
their  account  must  be  made  by  the  Committee  of  the  school  on  the  form  on  page  if 
when  they  will  be  considered  on  their  merits.  ^ 
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SCIENCE  FORM,  No.  108. 


Application  from Secretary  of  the  Local 

Committee  for  the  Science  School  or  Class  at __^ 

for  payment  of  allowance  for  duties  connected  with  the  School,  and  for 
superintending  the  examination. 


Sir, 

Being  entitled  to  payment  according  to  the  regulations  of  the 
Science  "  Directory,*  "  for  duties  connected  with  the  Science  Class  at 

-. and  for  superintending  the  arrangements 

for  carrying  out  the  examinations  on the  following  days 

in  May  186     ,  I  request  that  the  sum  of  £ utay 

he  paid  to  me,  being  the  authorized  fee. 

Bates  of  Examination.  Dates  of  Examination.  Dates  of  Examination. 


I  am.  Sir, 

Your  obedient  Servant, 
The  Secretary, 

Science  and  Art  Department, 


CONDITIONS  UNDER  WHICH  Apparatus,  Instruments,  Books, 

&C.    MAY    BE    OBTAINED    BY     SCIENCE    ScHOOLS    OR    CLASSES 

(taught   BY  A    Teacher   certificated    in  SciENCE),t  in 
Public  Schools,  Mechanics'  Institutions,  &c. 

I.  The  Lords  of  the  Committee  of  Council  on  Education,  having  had 
under  their  consideration  several  applications  from  the  managers  and 
masters  of  Mechanics'  and  other  Institutions,  for  grants  to  be  made  to 
them  of  Apparatus  and  Illustrations,  recommended  by  tne  Science  and 
Art  Department  for  teaching  science,  think  it  necessary  to  adopt  some 
general  principle  which  shall  regulate  the  decisions  of  the  Committee  in 
reference  to  such  applications. 


*  £1  anmially  for  furnishing  the  returns,  Ac.  specified  on  Science  Form  No.  170.  con- 
v^cted  with  any  Science  school  or  claM,  and  £1  in  addition  for  each  day's  examination 
held  by  the  Committee  to  which  he  acta  as  Secretary. 

t  ApMj^OiM  not  exceeding  10^,  in  value  may  be  obtained  by  poor  Schools  and  Me- 
Aamcs*  Inatittttes,  not  twght  by  a  certificated  teacher,  under  the  same  conditions, 
tiui  is,  the  Department  wilTaid  them  to  the  extent  of  51,  * 
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Their  Lordships  have  already  fiilly  recognized  the  great  importance  of 
practical  science  to  all  classes  of  the  community,  in  all  relations  of  life. 
They  are,  therefore,  desirous  that  the  Science  and  Art  Department  should 
assist,  as  far  as  possible,  in  promoting  the  distribution  of  diagrams  and 
apparatus  as  the  means  of  accomplishing  this  object;  but  as  the  in- 
discriminate gift  of  these  aids  for  instruction  to  all  applicants  might  lead 
to  abuse,  it  is  necessary  to  require  some  guarantee  tnat  they  ^viU  be  duly 
appreciated,  which  the  mere  request  to  have  them  does  not  imply. 

The  principle  which  governs  the  whole  proceedings  of  the  Department 
in  all  its  branches  is  to  afford  partial  aid,  and  to  encourage,  but  not 
supersede  public  exertions  in  promoting  education  in  science.  Tliey  have, 
therefore,  resolved  that  the  Department  shall  have  the  power  to  assist 
schools  and  classes  taught  by  a  certificated  teacher  in  Mechanics'  and 
other  institutions  in  purchasing  diagrams  and  apparatus  for  teaching 
science  at  a  reduction  of  60  per  cent,  on  the  net  cost. 

Lists  of  the  scientific  diagrams  and  apparatus  prepared  by  the  Depart- 
ment, according  to  conditions  of  the  following  Minute,  may  be  obtained 
of  the  Secretary  of  the  Science  and  Art  Department,  South  Kensington, 
London,  W.  It  should  be  distinctly  unaerstood  that  the  aid  of  the 
Department  in  purchasing  these  articles  at  a  reduced  price,  if  above  10/. 
in  value,  can  be  granted  only  to  public  schools  and  institutions  when 
taught  by  a  certificated  teacher. 

Minute  of  the  23rd  March  1860. 

"  The  Lords  of  the  Committee  of  Council  on  Education  desire  to  afford 
the  greatest  facilities  to  teachers  of  science  and  navigation  schools  in 
obtaining  the  best  instruments,  apparatus,  &c.,  for  giving  instruction  in 
science  and  navigation,  towards  the  purchase  of  which  the  Science  and 
Art  Department  is  authorized  to  pay  60  per  cent,  of  cost ;  and  they  con- 
sider that  the  fullest  opportunities  should  be  given  to  manufacturers  in 
all  parts  of  the  Kingdom  for  supplying  such  apparatus,  &c.  At  the  same 
time  it  is  necessary  that  the  Science  and  Art  Department  should  have 
some  guarantee  that  the  apparatus  and  instruments  are  of  good  quality, 
and  moderate  in  price.  My  Lords  have  therefore  laid  down  the  following 
rules  and  conditions : — 

"  1.  Samples  of  all  articles  on  the  manufacturer's  list  are  to  be  sent  to 
the  Educational  Collection,  South  Kensington  Museum,  for  exhibition, 
where  they  will  be  arranged  separately,  according  to  the  science  for  which 
they  are  intended,  so  as  to  afford  teachers  and  others  facility  in  inspect- 
ing them  and  making  a  choice. 

"  2.  ITie  manufacturer  is  to  supply  priced  catalogues  of  such  articles 
printed  in  demy  8vo.,  in  order  that  the  various  catalogues  may  be  bound 
up  together  and  supplied  when  asked  for. 

"  3.  The  manufacturer  is  to  guarantee  that  the  articles  exhibited  are 
fair  samples  of  those  specified  in  the  priced  catalogue,  and  he  must  engage 
to  take  back  any  article  supplied  to  schoals  which  may  be  inferior  to  the 
standard." 

Manufacturers  willing  to  comply  with  these  conditions  are  to  make  a 
statement  to  that  effect,  and  to  send  lists  of  apparatus,  instruments, 
books,  &c.  in  the  following  sciences: — 1.  Practical  plane  and  descriptive 
geometry,  mechanical  and  machine  drawing,  and  building  construction ; 
2.  Physics  (mechanical  and  experimental);  3.  Chemist^;  4.  Geology 
and  mineralogy ;  6.  Natural  history  (zoology  and  botany,  vegetable  and 
animal  physiology) ;  6.  Navigation  and  nautical  astronomy,  and  phyncal 
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geography.  If  these  lists  and  prices  are  such  as  can  be  approved  of,  the 
manufacturer  will  be  informed,  and  as  soon  as  possible  on  his  fulfilling 
the  conditions,  his  list  will  be  inserted  in  the  catalogue.  The  catalogue 
will  undergo  a  revision  at  least  once  a  year,  when  manufacturers  may 
send  any  improved  forms  of  apparatus,  &c. 

The  selection  of  the  manufacturer  will  lie  wholly  with  the  Committee 
of  the  school.  On  their  demand  being  sanctioned,  the  manufacturer  will 
receive  instructions  to  supply  the  articles  upon  his  receiving  the  60  per 
cent,  due  from  the  school. 

On  obtaining  a  receipt  from  the  Committee  of  the  school  (which  is 
included  in  the  form  of  the  requisition)  that  the  articles  have  been 
received,  the  remaining  50  per  cent,  will  be  paid  quarterly  to  the  manu- 
facturer by  the  Department. 

2.  Payments,  including  charge  for  packing,  must  be  made  in  advance 
to  the  agents  on  receipt  of  the  invoice.  The  goods  to  be  sent  at  the  risk 
of  the  purchaser. 

All  communications  to  be  addressed  to  the  Secretaiy  of  the  Science 
and  Art  Department,  South  Kensington,  London,  W. 

By  Order  of  the 
Committee  of  Council  on  Education. 

N.B. — Apparatus  grants  will  in  future  be  rigorously  confined  to  articles 
of  a  permanent  and  non-destructible  nature;  hence  no  aid  will  be 
afiPorded  in  the  purchase  of  breakable  articles,  such  as  glass  retorts,  test 
tubes,  &c.,  ov,  indeed,  generally  in  the  purchase  of  articles  to  be  used  by 
the  student  as  distinguished  from  those  of  a  permanent  and  illustrative 
character  which  are  required  by  the  teacher  in  giving  instruction  in 
science. 


Digitized 


byGoogk 


30 


No.  1  appU- 
cation  to  bo 
filled  in  by 
Bequisition- 
ist,  fvith 
fuU  par^ 
ticutars. 


SCIENCE  FORM,  No.  49. 
Form  of  Bbquisition  which  maj  be  had  on  application  to  the  Secretary, 

Science  and  Art  Department. 
The  following  Requisition  for  Aid  in  purchasing  apparatus,  &c.,  <\fter  being  fUed 
up  as  required,  is  to  be  transmitted  to  "The  Secretary  of  the  Science  and  Art 
ifepartment.  South  Kensington,  London.  W." 

N.B.— It  is  to  be  understood  that  the  Department  has  a  lien  on  the  ai)paratn8.  &c., 
ftimishedto  public  institutions  to  the  amount  of  the  puldic  aid  given  in  supplying 
them ;  they  cannot  therefore  be  sold. 

1.  BiEQuf  siTioir  for  Aid  in  purchasing  apparatus,  &c. 
For  the  use  of ■ ■ School  or  Institution  (•) 


In  the  City  or  Town  of  (»)- 
In  the  County  of 


Having 
(»)  Erase  the 
words  that 
do  not  apply. 

and 


Hale 

Female 

1            1 

(•)  Pupils  (Artisans  or  Operatives)  of  the  Science 
Class. 


(*)  Scholars  or  Members  of  Poor  School  or  Me- 
chanic Institute. 


Total. 


I  request  the  aid  of  the  Department  in  obtaining  (Vom  M 

the  apparatus,  &c.,  named  in  the  opposite  page,  and  I  undertake  that  the  same  shall  be 
kept  and  used  in  the  above-mentioned  (*}  school  or  institution  for  which  they  have 
been  demanded. 

The  address  to  which  the  parcel  is  to  be  sent  is  as  follows  ^— 

To  be  forwarded  to — 

per at 


Dated  this- 


Signature  of  Bequisitionist. 

-day  of 186   . 


No.  2  to  be 
filled  in  by 
the  Depart- 
ment. 


.  Kequisition  sent  to  M- 

this 

and  authority  given  for  the  supply  of  Articles  to  the  extent 
of  -  - 


day  of  • 


-186 


Net  Sum 


-will  be  paid  by  the  Department,  and  £- 


Agent, 


-,  together  with 


of  which  £ .         .  ^  .     w 

the  cost  of  packing,  by  the  school  or  institution,  previous  to  the  goods  being 
applied. 

__ Assistant  Secretaiy. 


No.3tobe 
filled  in  by 
agent  on 
transmis- 
sion of  the 
invoice. 


3.  Invoice  of  articles  sent  to  Requisitionist  as  under,  this- 

of 186    . 

Articles  (Retail  Price) 
Deduct  as  above,— 

Aid  by  Department    -         .         - 


-day 


Add,  for  packing 
Total  to  be  paid  by  Requisitionist 


Nos.  4  and  5     4.  Amount  £- 

to  be  filled  

in  by  a^ent. 


—received  fh>m  schools  this- 
-186    . 


— day  of 
-Agent. 


5.  Examples  forwarded  as  directed  above,  together  with  Requisition,  this- 
dayof 186    . 


No.  6  to  be       6.  Examples  as  per  invoice  received,  and  •Requisition  returned  to  Agent,  this 

filled  in  by  day  of 186    . 

Requisition* 

ist.  zz:zzziiii~z~~: 


Agent. 


Requisitionist. 


*  It  is  requested  this  paper  may  be  returned  to  the  Agent  in  an  entire  state  after  the 
examples  have  been  received* 


Digitized 


byGoogk 


31 
SCIENCE  FORM,  No.  91. 


Rules  for  the  Conduct  of  Science  Examinations. 

1.  The  following  rules  must  be  hung  up  in  the  examination  room  for 
the  information  of  the  candidates  one  week  before  the  examination. 
They  should  all  be  carefully  read  by  the  members  of  the  Committee. 
Those  marked  with  an  asterisk  must  be  read  aloud  before  the  Committee 
and  the  candidates  on  each  night  immediately  before  the  examination 
begins. 

2.  A  room  or  rooms  of  such  a  size  that,  when  seated,  the  candidates 
shall  be  at  least  five  feet  apart,  from  centre  to  centre,  must  be  provided 
for  the  examination. 

*  3.  All  Diagrams,  &c.  must  be  removed  from  the  walls  of  the  examina- 
tion room. 

4.  Ink  and  blotting  paper  must  be  provided. 

5.  If  one  room  is  used  three  of  the  Committee  must  be  present  durifig 
the  whole  of  the  examination,  if  more  than  one  room  then  two  of  the 
Committee  per  room,t  who  must  carefully  watch  the  whole  examination 
and  see  that  candidates  use  no  unfair  means  either  by  assisting  one 
another  or  using  books  or  notes.  The  members  of  the  Committee  can, 
if  they  wish  it,  relieve  one  another,  so  long  as  the  correct  number  are 
always  present. 

6.  The  examination  papers  will  be  forwarded,  under  cover,  to  the 
Secretary  of  the  Committee  so  as  to  be  received  by  him  on  the  moniing 
of  the  day  before  that  fixed  for  the  examination. 

*  7-  The  candidates  must  be  seated  at  their  places  at  6.50  p.m.  After 
this  time  no  candidate  shall  be  admitted  except  under  very  exceptional 
circumstances,  and  that  only  by  express  permission  of  the  Committee 
and  if  no  person  who  has  seen  the  examination  paper  has  left  the  room. 
No  candidate  may  on  any  account  be  admitted  after  7.30  p.m. 

*  8.  The  examination  papers  must  be  opened  in  the  examination  room 
in  the  presence  of  the  Committee,  at  6.55  p.m.  No  examination  paper 
may  be  taken  from  the  room  till  after  8  p.m.  * 

*  9.  When  the  candidates  are  seated  and  the  papers  given  out,  the 
Committee  will  see  that  the  candidates  commence  by  filling  in  their  names, 
&c.,  where  directed.  All  the  worked  papers  must  be  collected  at  10  p.m., 
initialed,  put  under  cover,  and  sealed  in  the  presence  of  the  members  of 
the  ComHiittee ;  and  forwarded  by  the^r^^  post  to  the  Secretary  of  the 
Science  and  Art  Department. 

'*'  10.  Candidates  must  on  no  account  bring  anything  with  them  into. the 
examination  room,  J  except  pens  and  pencils.  No  scribbling  paper,  slates, 
or  anything  of  that  nature  must  be  allowed.  Arrangements  must  be 
made  by  which  all  books,  note-books,  &c.,  can  be  given  up  and  left  at  the 
door. 

*  11.  Candidates  must  not  on  any  pretence  whatever  speak  to  one 
another  after  the  papers  have  been  given  out.  §  If  a  candidate  shoutd 
require  to  ask  a  question,  he  will  hold  up  his  hand,  when  a  member  of 
the  Committee  will  attend  to  him,  but  no  question  on  the  meaning  of 
any  portion  of  the  examination  paper  must  be  asked  or  answered. 

12,  It  may  be  of  service  to  the  Committee  that  the  teacher  of  the 

t  When  there  are  not  more  than  three  candidates  it  will  not  be  necessary  for  more 
than  two  members  of  the  Committee  to  be  present  at  the  examination. 

t  Except  in  the  drawing  examination,  when  drawing  instruments  are  allowed. 

§  It  is  absolutely  necessary  that  nothing  that  can  be  passed  from  one  candidate  to 
another  should  be  allowed.  Rough  work  and  calculations  must  be  done  on  the  supplied 
form,  the  back  of  each  leaf  of  the  form,  i.6..  pages  2, 4,  6,  and  8,  may  be  reserved  for  this 
purpose,  the  pen  being  drawn  through,  to  show  that  they  are  not  for  the  examiner.  But 
nothing  miut  be  torn  off  the  form. 
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class  should  attend  before  the  examination  to  assist  in  getting  the 
candidates  into  their  places,  &c. ;  but  from  the  peculiar  character  of  the 
examination  begins  it  is  so  very  necessary  that  not  the  slightest  opportunity 
for  misconstruction  should  exist  that  it  is  evadent  that  he  shoula  not  be  iii 
the  room  after  the  examination  papers  are  opened.  Information  of  his 
haying  remained  in  the  room  after  this  'will  at  once  lead  to  the  examina- 
tion being  declared  null.* 

*  13.  liie  examination  papers  being  given  out  no  candidate  must  be 
allowed  to  return  after  having  once  leS;  the  room.f  On  a  candidate 
leaving  the  room  his  papers  must  be  taken  up. 

*  14.  At  10  p.m.,  precisely,  all  the  candidates  must  cease  working,  and 
members  of  the  Committee  will  collect  their  worked  papers  from  them 
at  their  places.  It  will  therefore  be  advisable  to  warn  them  ten  minutes 
before  the  time.  The  papers  wiU  be  initialed,  by  the  Committee  as 
directed,  as  they  are  received  from  each  candidate,  as  a  guarantee  that 
each  has  been  worked  by  him  whose  name,  &c.,  it  bears.  Should  a 
candidate  have  completed  his  work  before  10  p.m.  he  may,  by  permission 
of  the  Committee,  go  away  at  once,  after  his  worked  paper  has  been 
taken  by  a  member  of  the  Committee. 

*  1 5.  Should  a  candidate  break  any  of  the  foregoing  rules,  ask  from  or 
give  information  to  another,  or  use  unfair  means  of  any  description,  he 
must  be  at  once  expelled  the  examination  room,  and  his  paper  cancelled, 
and  the  Committee  will  state  on  it  the  cause  of  his  expulsion. 

16.  On  these  examinations  depend  large  grants  of  public  money.  On 
their  being  fairly,  honestly,  and  impartially  carried  out  depends  the 
continuance  of  the  system.  The  Committees  are  intrusted  with  this 
duty.  They  will  see,  then,  how  necessary  it  is  to  be  extremely  careful  in 
conducting  them,  and  to  insist  on  the  foregoing  rules  being  complied 
with  to  the  letter.  They  are  therefore  required  to  sign  and  forward  this 
form  with  each  set  of  worked  papers. 

We,  the  undersigned,  members  of  the  Committee  of  the  Science 
School  or  Class  held  at 

hereby  certify  that  we  were  present  during  the  examination  in 
,  held  in  the 

on  the  evening  of  the where  the  accompanying 

papers  were  worked  in  our  presence,  and  that  the  foregoing  rules  have 
Deen  strictly  complied  with. 

Dated  this day  of 186   . 


Signatures. 

Time  Present. 

*  Should  the  teacher  of  the  class  wish  to  compete  at  this  examination  for  the  Boyal 
Exhibitions  of  the  Boyal  School  of  Mines,  he  must  apply  specially  to  the  Oommittee 
for  permission,  so  that  they  may  arrange  to  have  a  table  for  him  close  to  their  ovn 
seats,  and  not  with  the  other  candidates. 

t  It  will,  therefore,  be  desirable  to  make  some  arrangement  for  the  candidates  to 
retire  within  the  room. 
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SYLLABUS  OF  THE  SUBJECTS  IN  WHICH  CERTIFI- 
GATES  AS  TEACHERS  OF  SCIENCE  ARE  GIVEN 
BY  THE  DEPARTMENT  OF  SCIENCE  AND  ART. 


The  following  Syllabus  has  been  prepared  in  order  to  afford  candidates 
for  certificates  as  teachers  of  Science,  some  guide  to  their  reading ;  but 
it  must  be  understood  that  the  questions  in  the  examination  need  not 
necessarily  be  on  the  specific  points  enumerated. 

The  examination  is  by  paper,  but  oral  examination  may  be  resorted  to, 
and  satisfactory  evidence  may  be  required  of  the  teacher's  power  of  giving 
information  to  a  class.  The  groups  are  divided  as  shown,  the  examina- 
tion in  each  subject  being  distinct,  so  that  candidates  may,  if  they  desire 
it,  take  a  certificate  only  in  one  subject  of  a  group.  Mention  is  made  of 
text-books  solely  to  afford  a  candidate  some  assistance  in  selection  and  a 
general  idea  of  the  scope  of  the  examination,  and  not  at  all  to  confine  his 
reading  to  those  works  or  to  assert  that  they  are  the  best  on  the  subjects 
they  treat  of. 

Any  certificate  obtained  at  the  examination  may  be  raised,  by  re- 
exammation,  in  the  next  or  any  following  November  to  a  higher  grade. 

A  Course  of  Lectures  as  detailed  below,  on  "  Preparation  for  obtaining 
"  Science  Certificates  and  the  Method  of  teaching  a  Science  Class,"  has 
been  dehvered  by  direction  of  the  Lords  of  the  Committee  of  Council  on 
Education.  The  lectures  may  be  purchased,  price  2c?.  each,  at  the  book 
stall.  South  Kensington  Museum,  or  on  appucation  by  letter,  enclosing- 
postage  stamps,  to  the  Secretary,  Department  of  Science  and  Art,  South 
Kensington,  London,  W. 
Group  I.    -  Geometrical  Drawing,  &c.  Prof.  T.  Bradley. 

„       IL  -  Mechanical  Physics         -  Rev.  B.  M.  Cowie,  M.A. 

„       in.-  Experimental  Physics      -  Prof.  Tyndall,  F.R.S. 

„       IV.-  Chemistry      -        -        -  Prof.  Hofmann,  F.R.S. 

„       V.  -  Geology  -        -        -  Prof.  Ramsay,  F.R.S. 

Mineralogy,  &c.     -        -  Prof.W.  W.  Smyth,  M.A.,F.R.S. 

„       VL- Zoology  -        -        -  Prof.  Huxley,  F.R.S. 

„       VII.  Botany  -        -        -  Edwin  Lankester,  M.D.,  F.R.S. 

Navigation  and  Nautical  J.  Riddle,  F.R.A.S. 

Astronomv. 
Physical  Geography        -  Dr.  G.  Kinkel,  F.R.G.S. 

A  Second  Course  has  been  delivered,  of  which  the  following  have 
been  published : — 

Lecture  I.  -  Vegetable    Physio-  Edwin  Lankester,  M.D.,    3rd  February, 
logy  and  Econo-      F.R.S. 
mic  Botany. 
Lecture  IT.    Mechanical  Physics  Rev.  B.  M.  Cowie,  B.D.  10th  February. 
Lecture  IV.  Mining         -        -  W.  W.   Smyth,  M.A.,  24th  February. 

F.R.S. 
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SYLLABUS. 


A  teacher  will  not  reoeiye  any  payments  for  Subjects  II.  or  III.  until 
he  is  certificated  in  I. 

Subject  Z.— Practical  Plane,  and  SesciiptiTe  G^metrj. 

Practical  Greometrv,  plane  and  solid ;  required  by  architects,  engineers, 
mechanists,  snipbuilders,  and  others  employed  in*  arts  of  construc- 
tion. 

The  candidate  is  expected  to  have  acquired  readiness  in  the  use 
of  the  usual  drawine  instruments  and  materials,  to  be  skilful  in  drawing 
lines  and  circles  in  Indian  ink,  plain  or  dotted,  of  different  degrees  of 
fineness ;  drawing  parallel  e^ui-distant  lines,  at  least  six  inches  long, 
and  from  five  to  twenty  or  thirty  in  an  inch ;  drawing  from  ten  to  thirty 
lines,  passing  through  one  point  and  forming  equal  angles ;  diyiding  by 
tria]  lines  and  arcs  into  any  number  of  eqim  parts.  He  should  also  be 
able  to  mend  his  drawing  pens  and  other  instruments,  and  to  verify  his 
rulers,  &c. 

Constructions  in  Plane  Geometry, 

1.  To  draw  lines  through    given    points,    in    every  position,    either 

parallel,  perpendicular  to,  or  to  form  any  proposed  oblique  angle, 
with  given  hnes. 

The  use  and  construction  of  the  jora^roctor,  and  of  the  «  scale  of  chords" 
for  these  purposes,  should  be  understood,  and  the  deduction  of  certain 
angles  from  the  direct  division  of  the  circle. 

2.  To  draw  circles  or  arcs,  through  given  points,  to  touch  given  lines  or 

circles,  and,  conversely,  lines  to  touch  circles. 

Required  in  drawing  framework  for  machinery,  architectural  designs, 
ornamentation,  &c. 

3.  The  principles  of  drawing  symmetrical  forms  by  means  of  co-ordinates 

to  the  axis  of  symmetiy. 

This  is  the  basis  of  all  drawing,  of  all  objects  of  construction,  which 
are  universally  symmetrical,  not  only  in  architecture^  civil  and  naval, 
but  in  machinery  and  engineering  works  of  all  kinds. 

4.  Ck)nstructions  of  figures  similar  to  given  rectilinear  or  mixtilinear 

figures. 

Here  the  construction  and  use  of  *< scales"  plain  and  comparative, 
should  be  thoroughly  understood  and  explained,  and  the  principles  of 
the  diagonal  and  the  vernier  subdivision.  Also  the  mode  of  reducing  or 
enlar^ng  drawings  by  means  of  similar  rectangles,  termed  squaring  a 
drawing.  The  use  of  the  sector  and  of  proportional  compasses,  and  of 
the  pentagraph  and  eidograph,  in  facilitating  cop3ring  should  be  known. 

6.  To  construct  rectilinear  figures  similar  to  given  ones,  but  with  a  pro- 
posed area. 

6.  To  determine  by  construction  numerical  quantities  such  as  "•  m  ; 
VL ;  ^  B?±h\  &c. 
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7.  To  oonstnict  a  triangle^  any  three  parts  being  given. 

Used  in  levelling,  sunreying,  and  the  determination  of  heights  and 
distances.  Great  accuracy,  neatness,  and  distinctness  of  construction, 
wiU  be  insisted  on :  Geometrical  drawing  is  valueless  unless  it  possesses 
these  remiisites.  A  few  illustrations  of  constructions  on  the  ground,  by 
means  of  a  **  chain,*'  pins  and  cords,  necessary  in  surveying,  and  "setting 
out  '*  buildings  and  earthworks,  may  be  added  to  the  course,  as  well  as 
the  solution  of  a  few  elementary  problems  by  means  of  the  compasses 
alone. 

8.  The  delineation  of  a  few  of  the  curve  lines  required  in  the  arts,  such 

as  the  ellipse,  cydoidal  curves,  the  involute  and  sinusoid,  with  the 
graphical  method  of  detennining  their  tangents  and  normals. 

Required  in  designing  elliptic  arches,  oblique  bridges,  teeth  of  wheels, 
cam-work,  screws,  &c. 

9.  Practice  in  tinting  and  shading  with  Indian  ink,  so  as  to  express 

curved  surfoces  and  shadows. 

For  the  preceding  part  of  the  course,  a  fair  knowledge  of  the  first  six 
books  of  Euchd  is  strongly  ei^oined,  some  acquaintance  also  with 
trigonometry  will  be  of  service,  as  without  such  previous  knowledge, 
the  learner  is  simply  copying  what  is  set  before  him,  and  cannot 
attain  the  highest  skill  in  drawing. 

Constructions  in  Solid  Geometry, 

{Descriptive  Geometry.) 

Preceded  by  explanations  of  the  term  projection,  and  of  the  necessity 
for  it,  m  order  to  express  graphically,  on  a  surface,  solids  of  any 
kind ;  the  distinction  between  orthographic  and  perspective  projec- 
tions ;  their  uses,  and  general  principles  which  are  tne  foundation 
of  their  practical  application. 

Orthographic  Projection, 

Why  the  projections,  of  any  solid  consisting  of  a  combination  of 
geometric  forms,  on  two  or  three  co-ordinate  planes  are  necessary  to 
show  the  form  and  dimensions  of  that  solid. 

Meaning  of  the  terms  plan,  elevation,  profile,  section.  The  principle  of 
the  representation  of  surfaces  by  the  projections  of  their  generators, 
or  of  equi-distant  horizontal  sections  termed  contours.  The  direction 
and  inclination  of  an  indefinitely  extended  plane  given  by  its  con- 
tours, or  by  its  traces  on  any  two  co-ordinate  planes. 

These  principles  should  be  quite  familiar  to  the  candidate,  and  will  be 
tested  by  making  him  draw  plans,  elevations,  and  sections  of  simple 
solids,  as  prisms,  pyramids,  cones,  spheres,  cylinders,  and  of  sym- 
metrical solids  formed  by  their  combinations. 

A  few  of  the  problems  relating  to  points,  lines,  planes,  and  curved  sur- 
faces, will  be  required,  as — 

1.  To  draw  lines  and  planes  parallel  or  perpendicular  to  each  other,  to 

contain  given  points  or  lines,  and  the  limits  of  the  possibility  of 
solution  of  any  problem  should  always  be  understood. 

2.  The  preceding  constructions  combined  and  applied  to  determine  by 

their  projections  the  simple  solids  before  mentioned,  when  they  are 
not  symmetrically  situated  with  respect  to  the  supposed  planes  of 
projection. 

C   2 
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3.  Applications  to  the  intersections  of  surfaces,  and  of  the  develtopment 

of  such  as  admit  of  it. 

This  may  be  considered  the  most  important  part  of  descriptiye  geome- 
try to  the  artisan,  as  it  is  required  in  all  arts  of  construction.  The  mason, 
carpenter,  and  shipwright,  workers  in  tin-plate,  boiler  makers,  &c.,  would 
all  be  benefited  by  a  knowledge  of  it 

This  application  has  been  termed  Stereotomy,  and  better  and  more 
significantly  in  French,  "  Coupe  de  pierres." 

Much  practical  knowledge  of  the  subject,  arising  from  their  pursuits, 
is  possessed  by  workmen,  while  the  want  of  a  scientific  knowledge  of 
it  compels  architects,  en^neers,  and  their  drawing  clerks  to  leave  to 
the  workmen  the  execution  of  their  conceptions  which  they  cannot 
themselves  design. 

4,  The  solution  by  construction  of  the  spherical  triangle  from  any  three 

given  parts,  is  mentioned. 

As  important  to  masters,  mates,  and  others  engaged  in  any  kind  of 
astronomical  calculations. 

Isometric  Projection, 
Is  usefully  employed  in  the  representation  of  works  chiefly  of  a  rectan- 
gular form,  such  as  timber  framing,  canal-locks,  and  many  parts  of 
machinery ;  its  use  is  much  increasing :  it  is  readily  understood, 
and  can  be  practised  by  anyone  who  has  gone  through  the  first  two 
articles  of  this  section. 

Perspective  Projection » 

May  be  taken  up,  but  will  not  be  insisted  on  as  it  is  rarely  used  except 
by  architects  to  represent  buildings  (not  yet  executed),  as  they  would 
appear  to  the  eye  at  any  spot  from  which  they  could  be  viewed,  and 
the  power  of  applying  it  for  this  purpose  is  possessed  by  many  who 
know  little  of  the  really  easier  subject  of  descriptive  geometry ;  but 
as  its  application  by  the  architect  must  be  subordinated  to  artistic 
taste,  this  consideration  excludes  it,  in  some  measure,  from  a  purely 
geometrical  course. 

No  one,  however,  can  be  considered  a  scientific  draughtsman  unless  he 
can  apply  perspective  projection  to  the  projection  of  shadows,  the 
projections  of  the  sphere,  the  constructions  of  maps  and  dials,  and 
some  other  uses. 

For  the  second  division  of  this  course,  in  addition  to  what  was  before 
indicated,  a  competent  knowledge  of  the  theorems  relating  to  the 
Hne  and  plane  (Euclid,  Book  XL),  and  an  acquaintance  with  the 
leading  properties  of  the  conic  sections,  the  geometry  of  the  sphere, 
and  some  spherical  trigonometry  is  important,  it  cannot  oe  too 
urgently  recommended  to  all  persons  wisning  to  master  this  course, 
to  study  such  works  as  "  Geometry,  Plane,  Solid,  and  Spherical " 
of  the  Liibra^  of  Useful  Knowledge,  and  Mr.  Bell's,  in  Chambers' 
Educational  Course. 

Geometry,  Plain,  Solid,  and  Spherical  {Lihraxy  of  Useful  Knowledge)  is  es- 
pecially recommended  as  a  work  to  be  studied  on  Theoretical  Geometry. 

Text-Books  for  Practical  Plane  Geometiy. — Bradley's  Geometrical  Draw- 
ing j  Burchett's  Practical  Geometry  ;  Practical  Geometry,  Linear  Per- 
spective and  Projection  (Library  of  Useful  Knowledge). 

For  Descriptive  Geometry. — Bradley's  Geometrical  Drawing ;  UtM'a  Ele- 
ments of  Descriptive  Geometry  for  Students  in  Engineering, — Heather's 
Descriptive  Geometry,  Also  the  following  French  Works,  which  are 
mentioned  in  consequence  of  the  great  deficiency  of  English  Works 
on  Geometrical  Drawing. — El^mens  de  G^om^trie  Descriptive,  par  S. 
F.  Lacroix ;   Traits  de  G4om4trie  Descriptive,  par  Levebure  de  Fourcyj 
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Nouveau  Caurs  raisonni  de  Dessin  Induttriel,  par  Annengaud^  tAn4, 
et  Annengaud^  jeune,  et  Amouroiix;  Bardin's  Works  on  Descriptive 
Geometry. 

Subject  ZZ.— Mechanical  and  Machine  Drawinf^. 

The  candidates  in  Subjects  IL  and  IIL  will,  some  time  before  the  er- 
amination,  have  specifications  of  subjects  given  to  them,  of  which  they 
will  be  required  to  prepare  drawings  before  the  examination.  These 
drawings  must  be  bond  fide  their  oum.  The  candidates  may  be  examined 
on  them,  and  if  the  results  be  satisfactory,  they  will  count  towards  their 
certificates,  but  they  will  only  be  taken  into  consideration  when  it  is 
clearly  seen  from  the  regular  examination  that  the  candidate  is  qualified 
for  a  certificate. 

The  application  of  the  foregoing  Subject  I.  to  the  drawing  of  ma- 
clunery,  in  which  great  accuracy  and  neatness  of  drawing  will  be 
insisted  on. 

The  candidate  will  be  required  to  take  measurements  with  calipers,  &c., 
and  to  make  drawings,  elevations,  and  sections  of  a  simple  machine, 
or  of  parts  of  one,  set  before  him.  Also  to  draw  a  portion  of  a 
machine  from  written  dimensions  and  description.  He  will  be 
required  to  have  sufficient  knowledge  of  the  principles  of  machinery, 
gearing,  &c.,  to  be  able  to  make  working  drawings  of  a  machine  or 
portions  of  a  machine  from  a  rou^h  sketch,  applying  the  power  to 
the  peatest  advantage,  and  obtaming  such  power  or  changes  of 
motion  as  are  required.  In  fine,  such  knowledge  and  readiness  as 
would  be  required  of  a  good  draughtsman  in  an  engineer's  office. 

Subject  ZZZ. — ^Building*  Oonstmction,  or  Naval 
Architecture- 

{See  previous  Subject.) 

The  candidate  will  be  required  to  possess  sufficient  knowledge  of  con- 
struction—(1)  to  apply  the  various  materials  used  in  building  to  their 
greatest  advantage ;  ['2)  to  be  able  to  make  detail  and  working  drawings 
showing  a  knowledge  of  the  methods  of  construction  and  the  framing 
of  ordinary  roofs,  bridges,  &c.,  whether  of  wood,  iron,  or  masonry ; 
(3)  to  frame  estimates  and  take  out  quantities. 

Neatness,  accuracy^,  and  facility  in  drawing  will  be  insisted  on,  and 
the  genera]  requirements  in  this  Subject  will  be  such  as  would  be 
possessed  by  a  good  draughtsman  in  an  architect  or  builder's  office, 
with  a  slight  scientific  knowledge  for  the  proper  application  of  the 
materials  he  is  required  to  work  with. 

N.B. — Naval  Architecture  maybe  taken  instead  of  Building  Construc- 
tion; the  same  description  of  attainments  will  be  required. 

Subject  ZV.— Blementary  Mathematics. 

1.  Arithmetic  generally. 

2.  Geometry. — ;The  properties  of  lines,  triangles,  rectilinear  figures,  the 

circle ;  properties  of  similar  figures ;  proportion  of  figures ;  inscribed 
and  circumscribed  polygons.  The  questions  will  have  reference  to 
Euclid's  elements ;  but  a  sound  knowledge  of  Geometry  obtained 
from  any  source  will  be  accepted. 

3.  Algebra. — Definitions.      Addition.      Subtraction.      Multiplication. 

Division.  Greatest  common  measure.  Least  common  multiple. 
Theory  of  indices  (integral).     Involution.      Evolution.      Simple 
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equations,  and  problemB  producing  ihem.  Fractions.  Quadratic 
equations,  and  problems  producing  them.  Ratio.  Proportion. 
Variation.  Arithmetical,  geometrical,  and  harmonica!  Progressions, 
Permutations,  and  Combinations.  Binomial  theorem  for  a  positive 
integral  index. 
4.  Plane  Trigonometry. — Definitions.  Conversion  of  degrees  and  their  sub- 
divisions into  grades,  and  their  subdivisions,  and  vice  versd.  Angular 
and  circular  measures  of  degrees  and  their  relation .  The  goniometric 
functions  of  angles  and  the  conversion  of  one  into  another.  The 
arithmetical  values  of  the  goniometric  functions  of  90°,  45°,  60°,  30°, 
180°,  120°,  150°,  &c.  The  meaning  of  contrariety  of  signs  in  trigo- 
nometry. Tracing  of  the  goniometric  functions  in  magnitude  and 
algebraic  sign  through  the  four  quadrants  and  when  an  angle  is 
indefinitely  increasea. 
Formulae  for  multiplication  and  division  of  angles,  ^iz.,  sine,  cosine, 

A  A 

tangent,  &c.,  of  {A  +  B),  2A,3A,—,  and—-    Also  of  A  and  B  in 

terms  of  — « —  and  — ^ — 


Logarithms. — Definition.  Multiplication,  Division,  Involution  and  Evo- 
lution by  logs.    The  use  of  logarithmic  tables.    Tables  of  propor- 
tional parts  for  numbers^  and  angles.      Modulus.      Consl^ction 
of  logarithmic  tables,  and  of  tables  of  logarithmic  sines,  cosines,  &c. 
Triangles. — Formulae  for  cosine  of  an  angle  of  a  triangle  in  terms  of  its 
sides,    llie  relation  between  sines  of  angles  and  the  opposite  sides ; 
sine,  cosine,  tangent,  &c.,  of  half  an  angle  of  a  triangle  in  terma  of 
sides,  and  of  the  sine  of  an  angle.    Area  of  a  triangle.     Solution  of 
triangles.   Diameters  of  circles  inscribed  in  and  circumscribed  about 
a  given  triangle.    Areas  of  regular  polygons  inscribed  in  and  cir- 
cumscribed about  a  given  circle.    Area  of  a  circle.     Description  and 
use  of  vernier  and  theodolite  and  sextant  (generally).     Heights  and 
distances  of  inaccessible  objects. 
For  students  to  pass,  a  competent  knowledge  of  the  following  alone 
will  be  required : — 
(1.)  Geometry.    The  first  book  of  Euclid. 
(2.)  Algebra,  to  simple  equations  and  problems  (inclusive). 
(3.)  Plane  trigonometry.     The  more  elementary  portions,  including 
use  of  logarithms. 
To  obtain  an  honourable  mention : — 

(1.)  Geometry.    The  fijrst  three  books  of  Euclid. 
(2.)  Algebra,  to  quadratic  equations. 

(3.)  Plwie  tngonometrv  as  for  as  solution  of  triangles,  inclusive. 
And  for  third,  second,  and  first  class  Queen's  prizes  the  remaining 
portion  of  the  above  subjects. 

Snbject  V.— Hig^her  Mathematics. 

1 .  Algebra. — Surds.    Theory  of  indices  (fractional  and  negative).     Bi- 

nomial theorem  generally.  Multinomial  theorem.  Exponential 
theorem.  Indeterminate  equations  and  problems.  Indeterminate 
coefficients.     Reversion  of  series.     Properties  of  numbers. 

2.  Plane  Trigonometry. — De  Moivre's  theorem  and  the  expansion  of 

sine,  cosine,  and  tangent  in  terms  of  the  angle. 
Spherical   Trigonometry. — Definitions    and    fundamental   propositions. 
Polar  or  supplemental  triangle  and  its  properties.  Area  of  a  spherical 
triangle.    Spherical  excess. 
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Fundamental  fonnukd  expresaing  the  relations  of  the  sides  and  angles 

of  a  spherical  triangle. 
Napier's  analogies. 
Solution  of  right^ngled  spherical  triangles  and  of  oblique  angled 

triangles. 

Mensuration. — ^Trapeziums.  Regular  plane  rectilinear  figures.  Irregular 
plane  curvilinear  figures  (Simpson's  or  Stirling's  Rules).  Volumes 
and  surfM»8  of  Parallelopipeds^  Pyramids,  C^hnders,  Cones,  and 
Spheres. 

Differential  and  Integral  Calculus. — Definitions.  Differential  of  ele- 
mentary functions,  including  circular  and  logarithmic  functions. 
Vanishing  fractions.  Maxima  and  minima  of  one  independent 
variable.  Tangents  and  normals  of  curves.  Differential  coefficients 
of  Areas,  Arcs,  Volumes  and  surfaces  of  sohds  of  revolution. 
Integration  of  elementary  Unctions.  Integration  by  parts.  Rational 
fractions.  Integration  between  limits.  Areas  and  lengths  of 
simple  curves.     Volumes  and  surfaces  of  solids  of  revolution. 

Subject  VZ. — Mechanics  as  a  Sciencej  or  Theoretical 
Mechanics. 

Statics.  Composition  and  resolution  of  forces.  Forces  acting  on  a 
point— on  a  rigid  body.  Parallel  forces.  Centre  of  gravity.  Theory 
of  moments  or  couples.  Principle  of  virtual  velocities.  The  mecha- 
nical powers.     Friction.     Equilibrium  of  roofs  and  arches. 

Dynamics.  Laws  of  motion.  Uniformly  accelerated  motion.  Motion 
by  gravity  Variable  forces.  Projectiles.  Centrifugal  force.  Motion 
on  inclined  planes^-on  curves.  Pendulums.  Motion  of  rigid  bodies, 
free  or  constrained.  Moment  of  Inertia.  Centre  of  oscillation-*of 
percussion.     Motion  of  flexible  bodies,  such  as  a  musical  string. 

Hydrostatics,  Hydrodynamics,  and  Pneumatics.  Mechanical  properties 
of  liquids.  X<aw  of  pressure.  Centre  of  pressure.  Laws  of  floating 
bodies.  Capillary  attraction.  Laws  of  fluid  motion,  through  open 
channels,  closed  pipes,  or  orifices. 

Mechanical  properties  of  elastic  fluids.  Theory  of  barometers.  Con- 
nexion between  pressure,  temperature,  and  volume.  Specific  'heat. 
Weight  of  atmosphere.     Use  of  barometer  in  calculating  heights. 

In  this  subject  the  candidate  will  have  to  show  a  mathematical 
knowledge  of  the  laws  of  Mechanics,  and  must  be  able  to  prove  from 
first  principles  the  principal  theorems. 

The  books  recommended  for  study  are — Whewell's  Elements  of  Mecha- 
nics, or  Snowball's;  Moseley's  Engineering  Architecture j  Natural 
Philosophy,  by  Dr.  Golding  Bird  and  Mr.  Brooke ;  Goodwin's 
Elementary  Course, 

Subject  VIZ.— Mechanics  as  an  Art,  or  Applied  Mechanics. 

General  principles  of  mechanism.  Elementary  combinations.  When  the 
connexion  is  by  rolling  contact,  sliding  contact,  wrapping  connectors 
or  linkwork,  with  constant  or  varying  velocity  ratio,  and  constant  or 
varying  directional  relation. 

Machines  of  ordinary  occurrence  must  be  thoroughly  understood  and 
~     parts  to  be  described  and  drawn  :  such  as  cranes ;  lathes ; 


drills:  planing,  punching,  boring,  shaping,  and  slotting  machines. 
Spinning  and  weaving  machinery.    Mode  of  calculating  power  of 
machinery.     Dynamometers,  indicators,  &c. 
Materials*    The  general  properties  of  materials.    Elasticity.    Weight. 
Specific  weight.     Mechamcal  work.     Work  done  by  pressure,  by 
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impact,  by  esqumBion  of  elastic  gases  and  steam,  by  animal  muscular 
effort. 

Resistance  to  expansion,  to  compression,  to  rupture.  Friction  of 
•  solids.  Its  importance  in  construction.  Resistance  of  fluids  to 
bodies  moving  within  them.  Adaptation  of  form  and  material  for 
maximum  resistance.  Beams  of  greatest  strength.  Construction  of 
roofs,  arches,  stone  and  timber  bridges,  suspension  bridges,  and 
tubular  girders. 

Hydrostatics,  Hydrodynamics,  and  Pneumatics.  Pressure  on  flood- 
gates ;  locks  ;  water-wheels ;  turbines ;  water-pressure  engines ; 
breakwaters.  Hydrometers.  ITie  siphon.  Hydraulic  ram.  Fumps. 
Diving  bell.  Condenser.  Windmills.  Steam-engihes,  stationary, 
marine,  locomotive.  The  steam  hanuner.  Water  supply  to  towns. 
Theory  of  tides,  in  the  open  sea,  and  in  rivers. 

In  this  subject  the  candidate  will  be  expected  to  show  how  the 
principles  are  applied  in  actual  practice :  he  will  be  expected  to  show 
by  clear  well-drawn  sketches,  his  acquaintance  with  parts  of  machines. 

The  candidate  will  have  tools  and  models  put  before  him,  with  some  of 
which  he  must  show  he  is  familiar,  and  that  he  can  explain  their  use 
and  construction. 

Books  recommended: — Willis's  Mechanism;  Baker's  Elements  of  Me- 
chanism; the  books  in  Weale's  Series  which  treat  on  the  subjects 
specified.  Twisden's  Practical  Mechanics;  Goodeve's  Elemento  of 
Mechanism. 

Subject  VZZZ.— Acoustics,  Ziisht,  and  ZZeat. 

Acoustics. 

The  candidate  ought  to  know  the  manner  in  which  sound  originates, 
and  is  propagate ;  its  velocity  in  diffp rent  media,  and  how  its  velocity 
through  air  is  affected  by  density  and  temperature. 

He  ought  to  know  the  origin  of  musical  sounds ;  of  pitch ;  of  harmony 
and  discord ;  to  commit  to  memory  the  rates  of  vibration  of  the 
several  notes  of  the  gamut ;  to  be  able  to  make  sonorous  vibrations 
visible  by  means  of  glass  plates  and  membranes;  to  calculate  the 
length  of  sonorous  waves,  and  to  determine  practically  the  number  of 
vibrations  due  to  any  particular  note.  He  ought  therefore  to  under- 
stand the  construction  and  use  of  the  Syren. 

He  ought  to  be  able  to  describe  and  illustrate  the  condition  of  a  vibrating 
string,  or  column  of  air  at  its  nodal  points  and  ventral  segments  and 
to  explain  echos  and  resonance. 

lAght, 

The  candidate  ought  to  know  how  its  velocity  was  first  determined  from 
observations  upon  Jupiter's  satellites. 

He  ought  to  be  able  to  devise  a  simple  means  of  exhibiting  both  the 
reflection  and  refraction  of  light;  to  be  able  to  state  the  laws  of  both ; 
to  explain  what  is  meant  by  total  reflection ;  and  to  apply  it  to  the 
explanation  of  the  Mirage  of  the  Desert,  the  Phantom  Snip,  and  other 
similar  phenomena. 

He  ought  to  be  able  to  explain  why  the  image  in  a  plane  mirror  must 
appear  as  far  behind  the  mirror  as  the  object  is  in  nront  of  it ;  why  a 
stick  appears  bent  when  dipped  obUquely  into  water ;  and  why  the 
bottom  of  a  river  or  lake,  or  of  a  basin  which  holds  water,  appears  to 
be  nearer  to  the  surface  than  it  really  is. 

He  ought  to  be  able  to  determine  the  positions  of  the  foci  of  spherical 
mirrors,  both  concave  and  convex ;  to  describe  the  characters  of  their 
images,  whether  erect  or  inverted ;  magnified  or  reduced ;  and  to  do  . 
the  same  for  convergent  and  divergent  lenses. 
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He  ought  to  know  the  construction  of  the  human  eye ;  the  conditions  of 
distinct  vision,  the  use  of  spectacles;  and  to  be  able  to  describe  a 
simple  form  of  the  reflecting  and  refracting  telescope  and  of  the 
microscope. 

He  ought  to  know  the  constitution  of  light ;  to  be  able  to  describe  the 
spectrum  produced  by  refraction  with  a  prism ;  to  explain  the  origin 
of  colours,  and  to  give  a  clear  explanation  of  the  rainbow. 

Heat 

The  candidate  ought  to  be  able  to  describe  the  construction  and  gra- 
duation of  an  ordinary  mercurial  thermometer;  to  understand  the 
scales  of  Fahrenheit,  Celsius,  and  Reaumur. 

He  ought  to  have  clear  ideas  of  conduction  and  radiation ;  to  be  able  to 
devise  some  simple  means  whereby  the  conductive  and  radiative  powers 
of  diflferent  bodies  may  be  determined ;  to  explain  fully  the  formation 
of  dew,  and  to  state  the  conditions  favourable  to  its  production. 

He  ought  to  know  the  effect  of  heat  upon  the  volumes  of  bodies ;  to 
know  what  is  meant  by  the  coefficient  of  expansion,  and  how  it  may 
be  determined ;  to  give  illustrations  of  the  enormous  power  of  heat  in 
producing  expansion;  to  state  exceptional  cases;  to  know  the  manner 
in  which  heat  is  propagated  through  Uquids  and  gases,  as  distin- 
guished from  ordinary  conduction ;  and  to  be  able  to  combine  two 
metals  possessing  different  coefficients  of  expansion,  so  as  to  form  a 
compensating  pendulum. 

He  ought  to  know  the  meaning  of  latent  heat  and  of  specific  heat,  and 
to  illustrate  both  by  reference  to  ice,  water,  and  steam ;  he  ought  to 
be  able  to  show  the  influence  of  the  high  specific  heat  of  water  upon 
an  island  climate. 

He  ought  to  know  the  strict  physical  meaning  of  ebullition ;  and  the 
influence  of  pressure  upon  the  boihng  points  of  liquids ;  he  ought  to 
have  a  genend  knowledge  of  the  origin  of  winds  and  clouds,  and  to  be 
able  to  explain  the  fact  that  the  rain-fall  upon  the  south-west  side  of  a 
mountain  chain  in  England  and  Ireland  is  much  more  copious  than 
on  the  north-east  side. 

Subject  ZX.— Magnetiaiii  and  Slectricitj. 

Mafffietism. 

The  candidate  ought  to  know  the  action  of  one  loadstone  upon  another 
which  is  freely  suspended,  or  set  afloat  upon  a  liquid ;  he  must  have  a 
perfectly  dear  notion  of  magnetic  polarity,  and  of  the  action  of  mag- 
netic poles  upon  each  other. 

He  must  know  the  difference  between  the  action  of  magnetised  and 
unmagnetised  steel  upon  a  magnetic  needle  ;  also  the  difference 
between  soft  iron  and  hard  steel,  with  regard  to  their  acceptance  and 
retention  of  the  magnetic  condition ;  (c6ercive  force). 

He  must  be  able  clearly  to  state  the  condition  of  a  mass  of  soft  iron 
when  under  the  influence  of  a  magnet,  and  in  virtue  of  which  condi- 
tion the  iron  is  attracted ;  (magnetic  induction). 

He  must  be  able  to  describe  the  action  of  the  earth  upon  a  magnetic 
needle;  must  know  the  meaning  of  declination,  inclination  or  dip, 
and  of  secular  and  diurnal  variation ;  the  action  of  the  earth  upon  a 
.  bar  of  soft  iron  according  as  it  is  held  in  the  direction  of  the  dip  or  at 
right  angles  to  this  direction ;  finally,  the  effect  of  percussion  in  ren- 
dering the  condition  assumed  by  the  bar  of  soft  iron  a  permanent  one. 

He  ought  to  be  able  to  compare  accurately  the  strength  of  one  magnet 
with  that  of  another,  and  to  state  how  the  relative  intensity  of  the 
earth's  magnetism  at  two  points  of  its  surface  may  be  ascertained. 
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Frictional  Electricity. 

The  candidate  ought  to  know  various  simple  ways  of  exciting  electricity 
to  be  clearly  informed  as  to  the  dujjlex  character  of  the  force ;  to 
know  the  condition  of  the  rubber  as  well  as  that  of  the  body  rubbed ; 
and  to  be  conversant  with  various  forms  of  electroscopes  and 
electrometers. 

He  ought  to  know  the  foundation  tf  the  terms  vitreous  and  resinous, 
positive  and  negative ;  to  be  able  to  illustrate  the  action  of  two  elec- 
trified bodies  upon  each  other;  and  to  tell  at  once  whether  a  body  is 
positively  or  negatively  charged. 

He  ought  to  have  a  clear  knowledge  of  electric  conduction,  insulation, 
and  mduction;  and  be  able  to  explain  the  state  of  a  neutnil  conductor 
when  acted  upon  by  an  electrified  body ;  he  ought  to  be  able  to  prove, 
experimentally,  that  though  we  cannot  by  breaking  a  magnet  obtain 
two  halves  each  with  a  single  pole,  we  can  by  breaking  an  electrified 
body  obtain  two  halves  each  charged  with  a  single  elec&city. 

He  ought  to  be  able  to  explain  the  influence  of  points  and  flames  when 
attached  to  an  electrified  conductor;  and  to  describe  the  action  of 
lightning  conductors. 

He  ought  to  be  able  to  describe  the  electric  machine,  and  the  elec- 
trophorus  ;  and  to  explain  the  action  of  the  condenser  and  of  the 
Leyden  jar. 

He  ought  to  be  able  to  state  the  principal  effects  of  the  electric  dis- 
charge ;  to  state  the  atmospheric  conditions  necessary  to  the  produc- 
tion of  a  thunderstorm ;  and  to  give  a  clear  account  of  the  so-called 
return  stroke. 

Voltaic  Electricity. 

The  candidate  ought  to  be  able  to  state  precisely  how  voltaic  electricity 
may  be  generated;  to  describe  Volta's  pile,  and  his  crown  of  cups; 
and  also  the  batteries  of  Daniell,  Grove,  and  Bunsen. 

He  must  have  a  clear  conception  of  what  is  meant  by  the  direction  of  an 
electric  current ;  and  be  able  to  illustrate  in  the  fullest  manner  the 
action  of  a  current  upon  a  freely  suspended  magnetic  needle.  Given 
the  direction  of  the  current,  he  must  be  able  to  state  how  the  needle 
moves ;  given  the  movement  of  the  needle,  he  must  be  able  to  infer 
from  it  the  direction  of  the  current. 

He  must  be  able  to  describe  fully  the  action  of  a  current  upon  soft  iron ; 
and  to  infer  from  the  direction  of  the  current  the  nature  and  position 
of  the  magnetic  poles,  which  it  excites. 

He  must  be  well  acquainted  with  the  chemical  reactions  which  take  place 
both  in  the  batteries,  mentioned  above,  and  also  in  other  liquids 
through  which  the  current  may  be  sent. 

He  must  be  able  to  measure  the  strength  of  an  electric  current,  and  he  is 
strongly  recommended  to  master  thoroughly  the  law  of  Ohm,  regard- 
ing the  mutual  relations  of  electromotive  force,  resistance,  and  strength 
of  current. 

He  ought  to  be  acquainted  with  the  so-ealled  polarisation  of  metallic 
plates  between  which  a  current  passes  througn  a  liquid,  and  to  show 
now  this  is  avoided  in  Grove's  battery. 

He  ought  to  be  able  to  give  a  clear  description  of  some  one  form  of  the 
electric  telegraph. 

He  ought  to  be  acquainted  with  the  physiological  efi'ecto,  and  with  those 
of  light  and  heat  produced  by  the  voltaic  current ;  and  to  show  the 
dependence  of  the  heat  on  the  strength  of  the  current,  and  09  the 
resistance  which  it  encounters^  -      — 
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It  would  also  be  well  to  master  as  much  of  the  phenomena  of  mduoed 
currents  as  would  enable  the  candidate  to  explain  the  action  of  the 
galvanizing  apparatus  used  by  medical  men. 

NoTK. — This  candidate  will  perceive  that  this  list  is  long  because  the 
objects  to  which  he  is  to  devote  his  attention  are  separately  specified. 
Definition  is  thus  given  to  his  studies  and  their  precise  scope  marked 
out  for  him.  He  is  recommended  to  repeat  with  his  own  hands,  as  far 
as  it  is  in  his  power  to  do  so,  the  experiments  which  he  finds  described 
in  good  handbooks  of  Natural  Philosophy ;  this  will  ^ive  a  certain^  to 
his  knowledge  and  an  interest  to  his  pursuits  which  mere  reading; 
can  never  confer.  The  first  requisite  demanded  of  him  on  his 
examination  will  be  that,  however  small  his  knowledge,  it  shall  be  well 
digested  and  sound. 

Text-Books : — Lardner's  Handbook  of  Natural  Philosophy  :  Natural 
Philosophy,  by  Dr.  Golding  Bird  and  Mr.  Brooke. 

Subject  X. — Znori^anic  Chemistry. 

The  general  principles  of  chemical  philosophy.  Laws  of  combination. 
Combining  weights  and  chemical  equivalents.  Combining  volumes. 
Chemical  symbols  and  their  use  in  the  explanation  of  chemical 
changes.    The  atomic  theory. 

The  non-metallic  elements :  Oxygen,     Combustion. 

Hydrogen,  Water.  Chemical  composition  and  properties.  Adaptation 
for  domestic  purposes.     Hardness,  permanent  and  temporary. 

Nitrogen,  Nilrous  oxide,  nitric  oxide.  Nitric  acid.  Nitrification. 
Ammonia. 

Carbon.  Process  of  carbonization.  Carbonic  oxide.  Carbonic  acid. 
Marsh  gas.     01e£ant  gas.    Manufacture  of  coal  gas. 

Sulphur,  Sulphurous  acid,  sulphuric  acid.  Sulphuretted  hydrogen. 
Bisulphide  of  carbon. 

Chlorine,  Hypochlorous  acid.  Bleaching  agents  and  theory  of  bleach- 
ing. Chloric  acid  and  perchloric  acid.  Chloride  of  nitrogen. 
Chlorides  of  carbon. 

Bromine,    Bromic  acid  and  hydrobromic  acid. 

Iodine,    Iodic  acid,  periodic  acid,  and  hydriodic  acid. 

Fluorine.    Hydrofluoric  acid. 

Phosphorus,  Hypophosphorous  acid,  phosphorous  acid.  The  several 
modifications  of  phosphoric  acid :  ordinary  phosphoric,  pyrophos-' 
phoric,  and  metaphosphoric  acids.  Theory  of  polybasic  acids,  rhos- 
phoretted  hydrogen.  Chlorides  of  phosphorus.  Manufacture  of 
matches. 

Boron  and  boracic  acid. 

Silicium  and  silicic  acid. 

The  metals :  Potassium,  Manufacture  of  nitre.  ManufELcture  of  gun- 
powder. Theory  of  the  action  of  gimpowder.  Sodium,  Manufacture 
of  carbonate  of  soda. 

Barium.    Strontium,     Calcium,    Mortars. 

Magnesium,  Aluminium.     Manufacture  of  glass  and  porcelain. 

Manganese,  Iron,  Composition  and  properties  of  cast  iron,  wrought 
iron,  and  steel. 

Cobalt,  Nickel,  Chromium.  Zinc,  Cadmium,  Copper,  Lead,  Manu- 
facture of  white  lead. 

Bismuth,  Mercury,  Tin,  Arsenic,  Course  of  analysis  in  cases  of 
poisoning. 

Antimony,  Silver.  Gold,  and  platinum.  Their  principal  compounds 
with  the  non-metallic  elements. 

Outline  of  qualitative  analysis.  Reactions  of  the  principal  mineral 
acids  and  bases.  Course  pursued  in  the  appUcation  of  these  reactions 
to  the  analysis  of  a  mixture  of  several  acids  and  bases. 
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The  following  is  the  list  of  Apparatus  and  Re-agents  with  which 
Candidates  make  their  analysis  at  the  examination : — 

Apparatus. 


Test  tubes  and  stand. 
Metal  filter  stand. 
Wash  bottle  containing 

distilled  water. 
Spirit  lamp. 
Black  blowpipe. 
Charcoal  for  blowpipe 

experiments. 


Sulphuric  acid. 
Hydrochloric  acid. 
J^itric  acid. 
Hydrosulphuric  acid. 
Potassa. 
Ammonia. 

Chloride  of  ammonium. 
Sulphide     of     ammo- 
nium. 
Carbonate  of    ammo- 


Carbonate  of  sodium. 
Nitrate  of  potassium. 
Cyanide  of  potassium. 


Iron  spoon. 

Tongs. 

Pestle  and  mortar. 

Porcelain  dishes. 

Watch  glasses. 

Porcelain  crucible. 

Triangles. 

Test  tube  cleaner. 

Re- AGENTS. 

In  the  liquid  state. 
Phosphate  of  sodium. 
Chloride  of  barium. 
Chloride  of  calcium. 
Lim.e  water. 
Sulphate  of  calcium. 
Sulphate  of  potassium. 
Sulphate     of    magne- 
sium. 
Chromate  of  potassium. 
OxaUc  acid. 
Tartaric  acid. 

In  the  solid  state. 
Borax. 
Lime. 
Sulphate  of  iron. 


Platinum  ^yire  and  foil. 
Funneh. 
Cut  filters. 
Sulphuretted  hydrogen 

apparatus. 
Platinum  crucible. 
Herapath's  blowpipe. 
Stirring  rods. 


Acetic  acid. 
Hydrofiuosilicic  acid. 
Oxalate  of  ammonium. 
Acetate  of  lead. 
Sesquichloride  of  iron. 
Ferrocyanide  of  potas- 
sium. 
Chloride  of  platinum. 
Nitrate  of  silver. 


Blue  and 
paper. 


red   litmus 


Subject  XX.— Org^aaic  Chemiflitnr. 

Ultimate  analysis  of  organic  bodies.  Calculation  of  an  empirical 
formula.  Methods  of  controlling  an  empirical  formula.  Determi- 
nation of  the  equivalents  of  organic  acids  and  bases,  examination  of 
products  of  decomposition,  determination  of  the  vapour-density  of 
volatile  bodies.     Law  of  substitution. 

The  chemical  history  of  the  Cyanogen  group.  Cyanogen.  Hydrocvanic 
acid.  Cyanic  acid  and  urea.  Fulminates.  Cyanuric  acid.  Sulpho- 
cyanic  acid.    Chlorides  of  cyanogen. 

Amylaceous  and  saccharine  substances.  Fermentation.  Alcohol,  and 
its  homologues.  Ethers,  simple  and  mixed.  Oxidation  of  alcohol. 
Aldehyde  and  acetic  acid,  and  their  homologues.  Anhydrides,  simple 
and  mixed.  Compound  ethers.  Diatomic  alcohols  and  their  adds. 
Glycol  and  oxalic  acid.  Triatomic  alcohols.  Glycerine.  Fatty  and 
oily  bodies. 

Ammonia  and  its  derivatives.  Amides  and  amines :  their  classification. 
Examples  of  natural  alkaloids. 

Principal  colouring  matters.  Indigo  and  its  derivatives.  Examples  of 
proQucts  formed  by  destructive  distillation. 

The  chief  constituents  of  the  vegetable  and  animal  organism,  fibrin, 
albumen,  casein,  &c. 

The  chemical  principles  of  agriculture. 

llie  chemical  principles  of  the  process  of  nutrition  and  respiration  in 
the  animal  organism. 

Text-books.  —  Graham's  Elements  qf  Chemistry,  Miller's  System  of 
Chemistry,  Fowiies*  Manual  of  Chemistry,  Gregory's  Outlines  of 
Chemistry,  Abel  and  Bloxam's  Handbook  of  Chmistry,  Galloway's 
Qualitative  Analysis, 
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8«bjeet  XII.  — Okology. 

1.  The  division  of  rocks  into  three  great  classes,  aqueous,  if^neous,  and 
metamorphic. 

2.  llie  mode  of  formation  of  stratified  rocks, — ^marine  strata— -delta 
formations — freshwater  beds, — ^the  sign  by  which  you  can  distinguish 
these. 

3.  The  mode  of  occurrence  of  igneous  rocks,  ashes,  lavas,  and  dykes. 

4.  Volcanoes  and  volcanic  phenomena. 

5.  The  theory  of  central  heat. 

6.  Elevation  and  depression  of  land. 

7.  The  ordinary  mineral  substances  that  enter  into  the  composition  of 
rocks. 

8.  Fossilization  of  organic  bodies. 

9.  Table  of  geological  formations,  including  those  larger  divisions 
absent  in  Britain. 

10.  Theory  of  metamorphism  of  rocks. 

British  Strata. 

1.  Description  of  the  Cambrian  strata  and  Silurian  strata,  their  litho- 
logical  characters,  disturbances  and  chief  fossils. 

2.  Description  of  the  old  red  sandstone  and  Devonian  rocks,  character 
and  fossils.  Origin  of  cleavage.  Slate  and  slate  quarries,  building- 
stones,  limestones,  and  marbles. 

3.  The  carboniferous  limestone  and  coal  measures.     Character,  fossils, 

and  mode  of  formation.  Origin  of  the  coal  of  the  coal-measures, 
and  its  mode  of  occurrence.  Mode  of  occurrence  of  the  ironstone 
of  the  coal  measures.  Various  kinds  of  coal,  and  the  relation  of 
anthracite  coal  to  disturbance  of  strata.  Lime  quarries,  marbles, 
and  building  stones.  Clay  pits  and  potteries  of  the  carboniferous 
strata.     Fire  clay.    Alum  shale. 

4.  The  Permian  rocks.  Their  strategraphical  relations  to  the  underlyinjif 
strata,  composition  of  rocks,  fossils,  and  building-stones. 

5.  The  new  red  sandstone  (or  Trias),  its  subdivisions,  fossils,  building- 

stones,  sand  pits,  rock  salt,  and  brine  springs. 

6.  The  Lias.  Its  subdivisions,  chief  fossils,  building- stones,  and  other 
hydraulic  limestones,  and  clay  pits. 

7.  Oolitic  rocks.  Subdivisions,  leading  fossils,  building-stones.  Lime- 
stones.    Clay  pits,  and  other  economic  products. 

8.  The  Purbeck  and  Wealden  strata.  Origin,  subdivisions,  chief  fossils, 
building-stones,  and  marbles.    Ironstqnes  and  limestones.  Clay  pits. 

9.  Cretaceous  rocks.  Subdivisions,  lithological  characters,  fossils, 
building  stone  of  lower  greensand.  Gault,  its  phosphatic  nodules 
and  general  uses.  Upper  greensand,  chalk,  &c.  Building  stones. 
Origin  and  uses  of  chalk-flints. 

10.  Eocene,  or  older  Tertiary  beds.  Subdivisions,  alternation  of  marine 
and  freshwater  beds,  chief  fossils,  limestones  and  building  stones, 
clays  for  bricks  and  potteries. 

11.  Crag.    Its  subdivisions,  chief  fossils,  phosphatic  remains. 

12.  Disturbance  and  denudation  of  strata. 

13.  Unconformities,  faults,  and  fractures. 

14.  The  causes  of  gaps  in  the  succession  of  strata,  or  of  breaks  in  the 
succession  of  life  in  time. 

15.  Water-bearing  strata,  and  underground  drainage.  Artesian  and 
other  wells. 

16.  British  rocks  in  which  ores  of  metal  are  found,  and  the  general  mode 
of  occurrence  of  these  ores  in  beds  or  lodes. 

17.  The  rules-  that  ought  to  guide  the  miner  in  sinking  for  coal  and 
other  minerals,  when  the  beds  in  which  they  lie  are  concealed  by 
over-lying  and  unconformable  strata. 
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18.  The  occurrence  of  stream  tin,  gold,  &c.>  in  superficial  detritus. 

19.  The  chief  differences  in  the  nature  and  mode  of  occurrence  of  various 
formations  in  areas  widely  separated  from  each  other. 

Tert-hooks. — Ljell's  Principles  of  Geohgy:  I^ell's  Elements  of  Geology  : 
Phillips'  Manual  of  Geology;  Jukes'  Manual  of  Geology;  Page's 
Introductory  Text-Book;  Page's  Advanced  Texi-Book. 
Subject  XZII.— Kineralosy. 

A.  Instruction  in  this  subject  should  commence  with  a  distinct  under- 

standing of  the  characters  by  which  minerals,  properly  so  called, 
are  to  be  distinguished  from  other  inorganic  substances,  and  of  the 
position  of  this  science  in  relation  to  the  collateral  sciences  of 
physics,  chemistry,  and  geology. 

B.  Crystallography,  as  the  essential  means  of  appreciating  the  forms 

naturally  assumed  by  almost  all  inorganic  booies,  muirt  commence 
with  the  needful  geometrical  definitions,  proceed  to  the  grouping 
of  the  various  crystalline  forms  into  systems,  consider  the  laws  by 
which  the  derivation  of  one  form  from  another  within  the  limits 
of  the  same  system  is  determined,  and  explain  the  combination  of 
various  simple  forms  in  the  faces  exhibited  by  compound  crystals. 
It  is  also  important  to  study  the  deviations  from  regularity  which 
are  commonly  presented  in  nature,  and  the  methods  of  measuring 
those  elements  which  remain  constant. 
c.  The  various  kinds  of  aggregation  exhibited  bv  crystalline  substances 
are  also  to  be  considered,  especially  with  reference  to  masses  of  the 
useful  minerals,  and  of  crystalline  rocks. 

D.  Next  in  order  will  follow  the  other  physical  characters  of  minerals ; 

1  st,  in  relation  to  their  substance,  as  cleavage,  fracture,  hardness,  and 
specific  gravity  :  2ndly,  in  relation  to  the  effects  of  light,  as  trans- 
parency, refraction,  lustre,  and  colour;  3rdly,  as  to  their  electric 
and  majB^etic  properties. 

E.  The  chemical  characters  of  minerals,  and  the  most  convenient  modes 

of  testing  them;  1st,  by  aid  of  the  blowpipe;  2ndly,  by  the 
moist  way. 

F.  Pseudomorphism,  or  the  remarkable  phenomena  presented  by  minerals 

which  have  the  composition  of  one  mineral  coupled  with  the  form 
of  another. 

G.  The  physiography  or  systematic  description  of  mi»erals.    This  last 

division  should  include  all  the  more  remarkable  varieties  as  well  as 
species,  and  should  take  especial  note  of  the  modes  and  places  of 
occurrence,  as  well  as  of  the  association  of  particular  groups  of 
minerals  in  certain  veins  or  formations. 

As  text-books  may  be  recommended — 

Professor  Ansted's  Elementary  Course  of  Mineralogy  and  Geology* 
London. 185fi. 

Nicol's  Elements  of  Mineralogy.    Edinburgh,  1858. 

Dana's  Manual  of  Mineralogy,  1851. 

Bristow's  Dictionary  of  Minerals,    Longman  &  Co.  1861. 

For  more  advanced  students — 

Brooke  and  Miller's  Mineralogy,    London,  Longman,  1852. 

On  Crystallography.  Rev.  W.  Mitchell,  in  Orr's  "  Circle  of  the 
Sciences,"    London,  1856.- 

Dana's  System  of  Mineralogy,    4th  edition.     Putnam,  1854. 

Naumann's  Mineralogie,    Leipzig.    Williams  and  Norgate,  London. 

Breithaupt's  Par  agenesis  der  Mineralien.     Freiberg,  1849. 

Haidinger's  Handbuch  der  Mineralogie.     Vienna,  1845. 

When  it  is  intended  to  teach  this  subject  with  special  reference  to  the 
practical  working  of  minerals,  the  physiographical  part  will  be  occupied 
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more  particularly  with  oeriain  of  the  usefiil  species  and  th^  associated 
substances,  and  the  following  works  may  be  consulted  : — 

W.  J.  Henwood  tm  the  Metalliferous  Deposits  of  Cornwall  and  Devon, 
1843. 

Bischof,  Chemical  and  Physical  Geology,  translated  by  the  Cavendish 
Society.    1854. 

Subject  XIV.—Animal  Physiolognr- 

The  field  presented  by  Natural  History  is  such  an  exceedingly  wide 
one,  that  candidates  are  advised  to  confine  their  studies  to  the  subjects 
enumerated  below,  and  to  master  these  as  thoroughly  as  possible.  And 
as  in  the  Natural  Sciences,  the  knowledge  which  is  obtainable  by  mere 
reading  is  of  very  little  value,  candidates  are  particularly  recommended 
to  study  nature  for  themselves,  and  to  become  personally  acquainted 
with  the  primary  facts  of  Biological  Science.  Thus  in  Physiology,  the 
fiindamental  truths  relating  to  circulation,  muscular  contraction,  and 
nervous  action,  may  all  be  readily  exemplified  by  simple  experiments  upon 
the  common  frog ;  and  in  Systematic  Zoology  and  Botany,  the  careful 
study  of  the  structure  of  the  animal  and  vegetable  forms  enumerated 
under  the  head  of  "types'*  will  furnish  a  better  conception  of  the  animal 
and  vegetable  worlds  than  any  amount  of  mere  reading.  Candidates  will 
therefore  be  expected  to  be.  thoroughly  and  practically  acquainted  with 
the  fundamental  facts  of  Physiology,  and  in  Zoology,  with  all  the  most 
important  and  distinctive  characteristics  of  such  of  these  typical  genera 
as  are  illustrated  by  British  species. 

Candidates  should  have  carefully  studied  what  is  stated  upon  the 
suhjects  enumerated  below  in  any  good  handbook  of  Physiology. 

The  general  properties  of  li^ang  matter  in  respect  of  form,  struc- 
ture, and  chemical  composition.  The  meaning  of  the  terms  organ, 
organization,  function,  development.  The  difference  between  high 
and  low  organization.    The  division  of  physiological  labour. 

Why  the  living  organism  wastes.  The  difference  between  vital 
and  putrefactive  decomposition.  The  conditions  and  ultimate  pro- 
ducts of  vital  decomposition.  The  living  body  considered  as  a 
machine  performing  a  certain  amount  of  work. 

Why  food  is  necessary.  The  difference  between  the  food  of 
plants  and  that  of  animals.  The  nature  of  the  substances  which 
constitute  the  food  of  man.  The  proximate  chemical  composition 
of  milk,  flour,  meat,  butter,  potatoes,  oatmeal,  peas,  rice,  tea,  coffee, 
beer,  wine,  and  spirits ;  and  the  distinction  of  the  proximate  ele- 
ments of  each  into  nutritious  and  innutritions. 

Why  digestion  is  necessary,  and  how  that  function  is  performed 
in  the  human  organism.  The  structure  of  the  organs  by  which  the 
following  substances  are  formed,  and  their  uses  :  sahva,  gastric  juice, 
pancrea^c  juice,  bile.  How  the  nutritious  products  of  digestion 
are  separated  from  the  excrementitious  residuum.  The  process  of 
absorption.  The  means  by  which  absorbed  matters  are  conveyed  to 
all  parts  of  the  organism.  The  structure  and  composition  of  human 
blood.    The  course  and  mechanism  of  the  circulation. 

Why  the  elimination  of  waste  products  is  necessary.  Excretion 
of  carbonic  acid.  The  mechanical  and  physical  principles  involved 
in  the  performance  of  the  respiratory  process  in  man.  The  excretion 
of  urea  and  uric  acid.  The  structure  of  the  urinary  apparatus,  and 
the  mechanical  and  physical  principles  involved  in  its  action.  The 
excretion  of  water  as  a  part  of  the  foregoing  processes,  and  as 
effected  by  the  skin.  The  structure  and  other  functions  of  the  skin. 
The  mutual  relations  of  the  three  great  excretory  apparatuses. 

The  conditions  and  soiu^ces  of  animal  heat.  The  circulatory 
system  of  man  viewed  as  a  hot-water  warming  apparatus.  The  fuel 
of  the  animal  economy  and  its  sources. 
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Animal  mechanics.  The  human  hody  as  a  locomotiTe  apparatus. 
The  structure  of  bones  and  joints.  The  structure  and  properties  of 
muscle. 

llie  structure  and  functions  of  nervous  matter.  The  offices  of 
the  spinal  cord  and  brain.  The  nature  and  mode  of  action  of  the 
sensory  organs.  Reflex  action.  Habits  as  acquired  reflex  action. 
Instinct.     Intellectual  and  emotional  operations. 

The  nature  of  death,  and  the  difference  between  general  and  local 
death. 

Local  death : — 1st,  as  a  part  of  life ;  e,g.  moulting,  shedding  of  skin 
and  teeth.    2nd,  as  opposed  to  life;  e.g.  sloughing  and  mortification. 

General  death : — 1st,  as  the  natural  conclusion  of  life.  2nd,  as 
arising  from  disease  or  injury.  Usual  conunencement  of  death  in 
the  nervous  centres,  the  heart  or  the  lungs. 

Reparative  processes : — 1st.  Local,  as  exhibited  in  the  reproduction 
of  lost  parts,  healing  of  wounds,  &c.  2nd.  General,  as  shown  in 
the  reproduction  of  the  individual  bv  sexual  generation.  The  origin 
and  development  of  the  embryo.  The  nutrition  of  the  foetus  and  of 
the  infant.  Hereditary  transmission,  and  the  modification  of  phy- 
sical and  mental  characters  by  education,  as  the  basis  of  a  rational 
belief  in  the  possibility  of  human  progress. 

Subject  XV.— Zoolognr. 

Candidates  should  have  carefully  mastered  the  definitions  of  the 
sub'kinpdoms,  classes,  and  orders  of  the  Animal  Kingdom,    l^ey 
should  understand  and  be  able  to  explain  the  meaning  of  the  terms 
employed  in  such  definitions ;  and  tney  should  be  able  to  refer  any 
specimens  that  may  be  placed  before  them  to  their  proper  classes. 
Candidates  should  be  able  to  give  fair  answers  to  questions  relating 
to  any  or  all  of  the  following  subjects,  and  they  should  be  able  to 
identify,  refer  to  their  proper  orders,  and  if  called  upon  to  do  so, 
describe,  the  objects  eniunerated  in  each  section  under  the  head  of 
*'  types."     In  almost  all  cases  these  "  types  "  are  British  animals. 
By  the  term  Natural  History,  of  such  and  such  an  object,  is  meant 
such  an  account  of  it  as  is  to  be  found  in  any  standard  modern  work  on 
Zoology. 

i.  The  structure  and  mode  of  multiplication  of  infusorial  animal- 
cules and  Foraminifera,  The  arguments  which  have  been  adduced 
for  and  against  spontaneous  generation.  The  luminosity  of  the 
sea,  and  the  nature  of  the  creatures  which  chiefly  cause  it.  The 
natural  history  of  the  sponge  of  commerce.  lypes — Spongia, 
Vorticella, 

ii.  The  meaning  of  the  terms,  zoophyte,  coral,  coralline.  Natural 
history  of  the  red  coral  of  commerce.  Common  coral  and  coral 
reefs.  What  such  reefs  are,  where  they  are  formed,  and  how  they 
grow.  Natural  history  of  the  common  freshwater  polype,  or  hydra» 
and  of  the  "  jelly  fishes,"  or  "  medusae  "  of  the  sea.  A  sexual 
multiplication  as  exhibited  by  these  creatures.  Types — Hydra, 
Sertulana,  Plumularia,  Actinia,  Corallium,  Fungia,  Ocidina, 

iii.  Starfishes,  sea  urchins,  and  Holothurics ;  their  structure  and 
habits,  and  the  metamorphoses  which  they  undergo.  Natural  and 
economical  history  of  Trepang.    Types — Uraster,  Echinus. 

iv.  Natural  history  of  the  earthworm  and  the  leech.  Intestinal 
worms;  their  structure,  propagation,  and  mode  of  entrance  into 
animal  bodies.  Natural  nistory  of  the  Rotifera.  Types — iMmbri- 
cus,  Hirudo,  Distoma,  Tcenia,  Ascaris. 

V.  Natural  history  of  Crustacea,  The  lobster  and  crayfish,  as 
exemplifying  morphological  and  teleological  laws.  The  process  of 
ecdysis.    Barnacles,  acorn  shells,  and  fiish  lice,  as  cases  of  extreme 
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metamorphosis.  The  water  flea  as  exemplifying  a  sexual  multipli- 
cation. Types — Cancer,  Homartis,  Astacus,  Oniscus,  Daphnia,  Cy- 
clops, Lepas,  Balanus,  Argtdus, 

vi.  Natural  history  of  spiders,  scorpions,  and  mites.  The  "  itch 
insect,"  centipedes,  and  millipedes.  Types — Tegenaria,  Scorpio, 
Scohpendra,  Julus. 

vii.  Insects;  their  mode  of  breathing  as  contrasted  with  that  of 
spiders  and  crustaceans.  The  structure  of  their  wings,  and  the 
mechanism  of  flight.  The  parts  of  the  mouth  and  their  modifi- 
cations in  beetles,  bees,  butterflies,  bugs,  and  gnats.  Structure  of 
the  eyes.  Nature  of  stings,  saws,  and  ovipositors.  Natural  and 
economic  history  of  the  blistering  beetle,  of  the  silk  moth,  of  the 
bee,  of  the  cochineal  insect.  Natural  history  of  plant  lice,  of  bugs, 
fleas,  and  lice.  The  house  fly,  blow  fly,  and  gnat ;  wasps,  humble 
bee,  ichneumon  flies ;  "  black  beetles,"  crickets,  and  locusts.  The 
metamorphoses  of  insects.  Types — Melolontha,  Blatta,  Libellula, 
Phryganea,  Coccus,  Aphis,  BomhyXy  Apis,  Vespa,  Musca. 

viii.  The  characteristic  peculiarities  of  the  nervous,  circulatory, 
respiratory,  and  locomotive  organs  of  mollusks  in  general.  Orga- 
nization of  "sea  mat"  (Flustra).  Ascidians  and  "lamp  shells" 
(Terehratula),  Natural  history  of  fresh-water  and  marine  mussels. 
Nature  of  mother  of  pearl.  Formation  of  pearls.  Pearl  fishery. 
Natural  and  economical  history  of  the  oyster.  Organization  of  snails 
and  slugs,  periwinkles,  limpets,  whelks.  Development  of  the  young 
of  the  latter.  Nidamental  capsules.  Cuttlefishes  and  squids. 
Paper  nautilus.  Pearly  nautilus.  The  shipworm  and  Pholas. 
Mechanism  by  which  mollusks  bore.  Types — Flustra,  Ascidia, 
Terehratula,  Unio,  Mytilus,  Ostrea,  PecteUy  Helix,  Patella,  Litlorina, 
Buccinum,  Chiton,  Sepia,  Loligo,  Argonauta,  Nautilus. 

ix.  Circulatory,  respiratory,  and  reproductive  organs  of  fishes. 
Their  dentition.  Natural  and  economical  history  of  the  lamprey, 
sprat,  sardine,  herring,  pilchard,  salmon,  trout,  eel,  cod,  haddock, 
sole,  flounder,  turbot,  mackerel,  tunny,  sturgeon,  skate,  ray,  dog 
fish,  shark.  Electrical  fishes.  Fishes  which  are  capable  of  li\dng 
in  air.  Pisciculture,  or  the  artificial  breeding  of  fishes.  Types — 
Amphioxus,  Petromyzon,  Syngnathus,  Cyprinus,  Perca,  Accipenser, 
Lepidosteus,  Raia,  Spinax. 

X.  Natural  history  of  salamanders,  newts,  frogs,  and  toads. 
Metamorphoses  undergone  by  their  young.  Types — Salamandra, 
Triton,  Rana, 

xi.  Circulatory  and  respiratory  organs  of  reptiles  as  distinguished 
from  those  of  fishes  ana  amphibia.  Natural  history  of  snakes, 
lizards,  crocodiles,  turtles,  and  tortoises.  Tortoise-shell.  Shedding 
of  the  skin  in  reptiles.  Types — Coluber,  Pelias,  Anguis,  Lacerla, 
Crocodilus,  Testudo,  Chelone, 

xii.  Organs  of  locomotion,  respiration,  voice,  circulation,  and  re- 
production of  birds.  Structure  and  mode  of  growth  of  feathers. 
Development  of  the  fowl's  egg.  Artificial  hatching.  Migration, 
and  instincts  of  birds.  Natural  history  of  domestic  birds ;  of  the 
ostrich,  the  apteryx,  the  penguin,  and  the  dodo.  Types — Falco, 
Corvus,  Columba,  Picus,  Phasianus,  Ardea,  Struihio,  Anser. 

xiii.  Organs  of  respiration,  circulation,  and  reproduction  of 
mammals.  Production  and  nutrition  of  their  young.  Placental 
and  implacental  mammals.  Nature  of  milk  and  of  the  lacteal 
glands.  Peculiarities  in  the  dentition  of  mammals.  Natural  and 
economic  history  of  the  domestic  mammals ;  of  the  ivory  and  fur 
yielding  mammals;  of  seals;  of  whales.  The  hybernation  and 
migration  of  mammals.  Characters  of  the  orders  of  mammals. 
Types — Cercopithecus,  Vesper tilio,  Erinaceus,  Lepus,  Elephas,  Sus, 
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Cersu8,  Bos,  Ovis,  Felts,  Phoea,  Phootma,   Dasypus,  HalmaturuSf 

Ornithorhynchus, 
xiv.  The  distinctive  peculiarities  of  man.    The  characters  of  the 

principal  races  of  mankind,  and  their  geographical  distribution. 
Text-books  for  Physiology. — Carpenter's  Animal  Physiology ,  Bohn,  1859; 

Dr.  Kirke's  Manual;  Andrew  Combe's  Physiology  applied  to  Health 

and  Education,    For  Zoology. — Dallas's  Natural  History  of  Animals  ; 

Orr's  Circle  of  the  Sciences  j  Gosse's  Manual  of  Marine  Zoology  j 

Professor  Green's  Manual  of  the  Protozoa, 
Subject  XVZ. — Vegetable  Pbysloloffjr  and  Seonomlo  Botany. 
In  this  department  the  candidate  will  be  expected  to  answer  correctly 

questions  on  the  following  points : — 

1.  Tne  properties  of  the  principal  elements  entering  into  the  composition 

of  plants.  Carbon,  oxygen,  hydrogen,  nitrogen,  sulphur,  phos- 
phorus, chlorine,  iodine,  silicon,  potassium,  sodium,  calcium,  iron. 

2.  The  composition  and  properties  of  the  compounds  forming  the 
principal  part  of  the  structure  of  plants.  Cellulose,  starch,  de]d;nne, 
sugar,  fixed  oil,  gluten,  albumen,  caseine.  The  saline  compounds 
forming  the  ashes  of  plants. 

3.  The  composition  and  properties  of  peculiar  vejretable  products.  Vo- 
latile oils.  Acids.  Colouring  matters.  Alkaloids.  Neutral  principles. 
Chlorophyll. 

4.  The  origin  and  growth  of  the  vegetable  cell.    The  tissues  of  plants.. 

Cellular  tissue.  Intercellular  organs.  Epidermal  tissue.  Hairs. 
Stomates.    Vascular  tissue.    Woody  tissue. 

5.  The  structure  and  functions  of  the  organs  of  plants.    The  root. 

Spongioles.  Absorption  and  excretion.  Nature  of  vegetable  food. 
The  stem.  Structure  of  Exogenous,  Endogenous,  and  Acrogenous 
stems.  The  leaf.  The  forms  of  leaves.  Exhalation.  Stipules  and 
bracts.  The  flower.  Calvcine,  CoroUal,  Staminal,  and  uarpellary 
leaves.  Development  ana  nature  of  pollen.  Ovules  or  seed  buds. 
Vegetable  impregnation.  Embryo.  Seed.  Fruits ;  their  nature  and 
forms.    The  nature  of  the  reproductive  organs  in  flowerless  plants. 

6.  The  composition  and   nature  of  vegetable  substances  used  by  man 

as  food.  Distinctions  between  heat-giving  and  flesh-forming  foods. 
Structure  and  geographical  distribution  of  plants  yielding  starch, 
sugar,  oil,  gluten,  albumen,  and  legumin. 

7.  Properties  of  vegetable  substances  used  in  the  arts  and  manufactures. 
Vegetable  secretions  used  as  dyes. — Indigo,  madder,  logwood,  red 
Sanders  wood,  quercitron,  alkanet,  amotto,  gall-nuts,  myrobolans. 

8.  Materials  used  in  the  manufew^re  of  textile  fabrics. — Cotton,  flax, 
hemp,  coco-nut,  jute.  New  Zealand  flax. 

9.  Principal  forms  of  timber  trees,  and  their  uses. — Oak,  mahogany, 
teak,  pine,  &c. 

10.  Nature  of  tanning  principles  and  plants  yielding  tannic  acid. — Oak- 
bark,  valonia,  catechu,  kino,  divi-divi,  betel-nut. 

11.  Gums,  oils,  and  resins  used  in  arts. — Gum  arabic,  benzoin,  rosin, 
turpentine,  camphor,  essential  oils,  coco-nut  oil,  palm  oil,  other 
fixed  oils,  caoutcnouc,  gutta  pertsha. 

12.  Substances  obtained  from  the  vegetable  kingdom  and  used  as  medi- 
cines.— Opium,  quinine,  tobacco,  jalap,  scammony,  gentian,  aloes, 
rhubarb,  senna,  ipecacuanha,  sarsaparilla,  castor-oil,  assafoetida, 
myrrh,  nux  vomica,  hemlock. 

Text-books  for  Vegetable  Physiology  and  Economic  Botany. — Henfrey's 
Elementary  Course  of  Botany  ;  Van  Voorst.  Carpenter's  Vegetable 
Physiology,  edited  by  Dr.  Lankester;  Bohn.  Schleiden's  Prin- 
ciples of  Scieritific  Botany  ;  Bohn.  A  Manual  of  Structural  Botany 
m  M.  C.  Cooke.  Archer's  Popular  Economic  Botany :  Reeve  and 
Co.  Lindley's  Medical  and  (Economical  Botany;  Bradbury  and  Evans. 
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Svbjeot  XLVIZ. — Ssmtemaflo  Botany. 

In  this  department  the  candidate  will  be  expected  to  demonstrate  the 
structure  of  plants  from  living  specimens. 

1.  The  distinctions  between  the  three  great  classes  of  plants.  Dico- 
tyledons, .  Monocotyledons,  and  Acotyledons.  Also  of  the  groups 
Gymnosperms,  Rhizanths,  Dictyogens,  Acrogens,  and  ThaUogens. 

2.  The  characters  of  the  following  orders  of  British  plants  should  be 
mastered,  and  the  typical  genera  recognized,  and  their  structure 
understood. 

3.  Alg<B,    The  natural  history  and  uses  of  sea-weeds.    The  microscopic 

structure  of  diatoms  and  desmids.  Nature  of  the  reproductive 
organs  in  this  order.  Types — Namcula,  Desmidiuniy  Conferva,  Fucus, 
Ceramum. 

4.  Lichens,  The  natural  history  and  uses  of  lichens.  Structure  of  their 
reproductive  organs.    Types — Graphis,  Collema,  ParmeUa, 

5.  Fungi,  The  natural  history  of  mushrooms,  puff-balls,  moulds,  blights, 
and  toadstools.  Their  uses  in  nature.  I^pes — Agaricus,  Bovista, 
Torula,  A^ergillus,  Morchetta,  Mucor, 

6.  Mosses,  Tne  nature  of  their  reproductive  organs.  Types  -^Bryum, 
Sphagnum,  Funaria, 

7.  Ferns,  Nature  of  their  rhizomes.  Herbaceous  and  tree  ferns. 
History  of  Development,  and  nature  of  reproductive  organs.  Types 
— Polypodium,  Hymenophyllum,  Osmunda, 

8.  GraminacetB,  The  history  of  grasses  and  their  uses.  Nature  of  the 
flower  in  this  order.  Useful  plants  of  the  order.  Types — Phleum, 
Hydrochloa,  Panicum,  Agrostis,  Arundo,  Spartina,  Avena,  Festuca, 
Hordeum,  Triticum,  Secale,  Nardus,  Anathemm, 

9.  CyperacetB,    Sedges.    Types — Carex,  Scirpus, 

10.  lAliacea.     The  lily  tribe,  its  useful  properties.     I'ypes — TuHpa, 

Omithogalum,  Muscari, 

11.  AmarylUdaceiB,  The  family  of  the  narcissus,  snow-drop,  snow-flake. 
Types — Narcissus,  Galanthus, 

12.  Orchidacea,  The  orchis  family.  Structure  of  reproductive  organs. 
Types — Orchis,  Goodyera,  Malaxis,  Cypripedium. 

13.  Amentacea,  The  family  of  the  hazel,  chestnut,  oak,  willow,  birch, 
beech,  poplar,  and  hornbeam.  The  uses  of  these  plants  as  timber, 
&c.  T^es — Quercus,  Corylus,  Fagus,  Castanea,  Betula,  Myrica, 
Salix,  Populus, 

14.  UrticacetB,  The  nettle  and  hop  tribe.  Its  relations  to  Moraceee, 
Artocarpaca,  Cannabinacete,  and  Ulmacea,  The  nature  of  the 
stings  of  Urtica,  and  the  bitter  principle  of  the  h<3p.  Types — Urtica, 
Partetaria,  Humulus, 

15.  Euphorbiace(B,    The  spurge  family.    Foreign  forms  and  their  uses. 

Croton,  CascariUa,  Ricinus,  Janipha.  Apetalous  and  Polypetalous 
forms.    Types — Euphorbia,  Buxus, 

16.  Polygonacea,  The  buckwheat  and  rhubarb  tribe.  Types — Poly- 
gonum, Rumex, 

17.  Primulacea.  The  primrose  family.  Theory  of  the  peculiar  position 
of  stamens.    Types — Primula,  Lysimachia. 

18»  LabiatiB,  The  dead  nettle  tribe.  Peculiar  properties  of  this  order. 
Types — Mentha,  Salvia,  Thymus,  Nepeta,  Lamium,  Teucrium, 

19.  Scrophulariacete,  The  scrophularia  tribe.  Nature  of  the  poisonous 
TOoperties  of  the  order.  Types — Scrophularia,  Digitalis,  Verbascum, 
Euphrasia,  Veronica,  Melampyrum, 

20.  Boraginacete,  The  borage  tribe.  Peculiarities  of  their  epidermis. 
Useful  species.  Types — Cynoglossum,  Borago,  Echium,  Myosoiis 
Lithospermum. 

21.  Solanacea  .  The  tribe  of  deadly  nightshade,  henbane,  tobacco,  and 
potato.  Useful  and  poisonous  species.  Types^ Solanum,  Atropa, 
Hyoscyamus,  Datura,  Digitizec^ypOOgk 


52 

2i?.  Ericacea,  The  heath  tribe.  Its  distinction  from  Epacridacea, 
Types — Erica,  Arbutus,  Vaceinium,  Pyrola,  Monotropa» 

23.  Composite,  'the  composite  family.  The  number  of  species  and 
geographical  distribution.  Structure  of  the  sub-orders  Asteracete, 
Cichoracea,  and  Cynaracea,  Types — Tussilago,  Aster,  Inula,  Gna-' 
phalium,  Bellis,  Artemisia,  Achillea,  Carlina,  Carduus,  Cickorium, 
Leontodon,  Lactuca,  Crepis. 

24.  Stellatcs.     The  Stellate  tribe.      Its  relation    to   Cinchonacete   and 

Caprifoliacem,  The  properties  and  useful  plants  of  Cinchonaceat. 
Types — Galium,  Rubia, 
V5.  VmbellifertB.  Umbel  bearing  plants.  Character  of  inflorescence 
and  flowers.  Nature  of  fruit.  Structure  of  cremocarp.  Proper- 
ties of  the  order.  Types — Hydrocotyle,  Sanicula,  Eryngium,  Apium, 
Sium,  jEthusa,  (Enanthe,  Crithmum,  Angelica,  Pastinaca,  Daucus^ 
Torilis,  Scandix,  Conium,  Coriandrum, 

26.  Cucurhitace<p,  Melon,  cucumber^  and  gourd  family.  Useful  piants 
of  this  order,     Type — Bryonia, 

27.  Uosacea.  The  rose,  apple,  cherry,  and  plum  tribe.  Forms  of  the 
fruit.  ITie  useful  plants  of  this  order.  Types — PrunuSy  Spiraa, 
Fragaria,  Rubus,  Geum,  Rosa,  Cratagus,  Pyrus, 

28.  Leguminos€e.    The  bean,  pea,  and  clover  family.    Principal  divisions 

of  the  family.  Structure  of  the  flowers  and  fruits.  Useful 
plants  of  the  order.  Types — Ulex,  Trifolium,  Vicia,  Astragalus, 
Omithopus. 

29.  Crucifer<B.  Cabbage,  turnip,  and  mustard  tribe.  Structure  of  the 
flowers  and  fruits.  Useful  plants  of  the  order.  Properties.  Types — 
Nasturtium,  Alliaria,  Brassica,  Sinapis,  Armora^ia,  Iberis,  tsatis, 
Crambe,  Cakile. 

30.  Papaveracea,  The  poppy  tribe.  Properties  and  mode  of  collecting 
opium.     Nature  of  fruit.     Types — Papaver,  Glaucium,  Chelidonium, 

31.  Ranunculaceof,  The  crow-foot  tribe.  Structure  of  abnormal 
genera ;  Aconitum,  Aquilegia,  and  Delphinium.  Nature  of  poison  in 
order.     Types — Ranunculus,  Clematis,  Helleborus,  Poscnia,  Anemone, 

Text-books  for  Systematic  Botany. — Lindley's  Vegetable  Kingdom,  For 
British  Botany. — Bentham's  Handbook  of  the  British  Flora,  or 
Babington's  manual  of  British  Botany, 

Subject  XVZZZ.— Mining. 

The  Art  of  Mining  embraces  so  wide  a  field  of  study  that  eoual  prac- 
tical proficiency  in  its  various  branches  is  not  to  be  expected ;  out  those 
who  wish  to  gain  a  general  knowledge  of  it  may  be  recommended  to 
direct  their  attention  to  the  subjoined  heads,  viz. : 

1 .  Geology  and  Mineralogy,  more  particularly  those  portions  of  the 
sciences  which  bear  on  the  following  subjects, — ^the  nature  and  position 
in  the  earth's  crust  of  the  useful  minerals,  the  classes  of  rock  with 
which  they  are  severallv  associated,  the  special  character  of  heaves, 
throws,  troubles,  and  all  kinds  of  dislocation ;  the  particular  differences 
between  beds  and  lodes,  and  their  minerals,  and  the  chief  features  of 
irregular  repositories. 

2.  The  methods  of  prospecting  and  searching  at  surface  for  ores  and 
other  minerals. 

3.  Breaking  of  ground ;  the  various  implements  employed,  their  form, 
dimensions,  and  weight ;  boring  for  shots ;  the  various  modes  of  firing 
charges.  Heavy  charges,  how  calculated  and  fired;  rules  for  ensuiing 
safety. 

4.  Deep  boring,  under  what  circumstances  applicable, — apparatus  for ; 
description  of  varieties  in  use ;  hning  of  bore-holes. 

5.  Management  and  supervision ;  payment  of  men  employed  at  mines, 
at  surface  and  underground,  varying  in  principle  with  the  different 
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classes  of  opemtion ;  reasons  for  tut-work  or  piece-work,  and  tribute  or 
bing-tale  iinder  di£Perent  circumstances.  Calculations  for  cost  of  driving, 
sinking,  tramming,  &c. 

6.  Physical  principles  of  ventilation ;  practice  of  mines  where  simple 
natural  ventilation  is  employed ;  ventikition  of  large  areas  and  of  deep 
or  complicated  workings  by  guiding  the  natural  current;  artificifd 
means,  and  their  details,  for  promoting  ventilation.  Precautions  to  be 
taken  under  specially  dangerous  conditions. 

7.  Illumination,  of  various  kinds,  their  economy ;  safety  lamps  in  all 
their  best  modifications;  circumstances  under  which  they  should  be 
employed ;  precautions  in  thhii  use. 

8.  Mechanical  division  of  the  subject.  Strength  of  materials  used  in 
mines ;  human  and  horse  power,  principles  and  construction  of  machines 
to  which  they  are  appliea.  Hydraulic  machines :  construction  of  the 
water-wheels,  turbines,  and  pressure  engines  most  suitable  to  the  various 
operations  of  mining.  Steam  engines,  for  pumping  and  for  winding ; 
arrangement  and  construction  of  the  varieties  most  in  use.  Form  and 
dimensions  of  boilers.  Pumps  employed  in  mines,  mode  of  placing 
them ;  construction  of  the  lifts ;  materials  and  details  of  the  rods,  set- 
offs, counterbalances,  cisterns,  and  catches.  Circumstances  under  which 
dams  are  erected  in  shafts  or  levels ;  mode  of  building  them. 

Tubbing  of  water  from  shafts;  conditions  under  which  it  may  be 
done;  de^ls  of  the  operation  with  various  materials,  wood,  brick,  stone, 
cast  and  wrought  iron. 

Kails,  waggons,  and  tul)s  for  underground  conveyance ;  employment 
of  horses  and  of  fixed  steam  engines  for  this  purpose. 

Raising  of  the  mineral  through  the  shafts ;  various  methods  in  use ; 
chains,  ropes  (of  hemp  or  wire),  their  weight,  &c.  Details  of  the  best 
application  of  drums,  cages,  guides,  keeps,  and  safety  doors.  Pulleys 
and  shaft  frames  or  poppet  heads;  protection  against  over-winding; 
safety  clutches,  &c.  in  case  of  breakage  of  rope. 

9.  Opening  of  ground ;  quarries  and  open  work ;  driving  of  levels, 
various  dimensions  and  directions  according  to  circumstances ;  sinking 
of  shafts,  inclined  or  perpendicular;  advantages  of  either  kind  under 
certain  conditions ;  means  of  securing  levels  and  shafts  by  timber  or  by 
walling ;  details  of  the  various  methods.  Driving  or  sinking  in  heavy 
or  running  ground. 

10.  Working  excavations;  plan  of  laying  them  out,  and  means  of 
security  to  be  adopted  whilst  they  are  kept  open.  This  will  include  the 
stoping  of  metalliferous  veins,  and  the  various  modifications  of  post  and 
stall,  long-work,  &c.,  which  are  applied  to  stratified  deposits. 

11.  Travelling  in  shafts;  prevention  of  accidents  by  proper  fitting  and 
dividing;  mode  of  placing  ladders  and  sollars ;  lifting  machine  for  men, 
construction  and  advantages  of. 

12.  Dressing  of  minerals.  Arrangement  of  dressing  floors.  Con^ 
struction  of  crusher  and  stamps;  washing  of  coal;  jigging,  concen- 
tration, and  separation  of  metallic  minerals. 

llie  student  may  be  advised  among  other  sources  of  information  to 
consult  the  following  works : — 

De  la  Beche's  Report  on  Cornwall  and  Devon,  Greenwell's  Treatise 
on  Mine-Engineering.  Dunn  on  the  iVinning  and  Working  qf  CoU 
lieries,  Hedley  on  Colliery  Working  and  Ventilation,  Evidence 
before  Committees  of  the  Houses  of  Lords  and  Commons  on  Acci" 
dents  in  Mines,  Reports  of  H.M.  Inspectors  of  Coal  Mines. 
Transactions  of  the  Northern  Institute  of  Mining  Engineers. 

Subject  XZX.— KetaUvrfT* 
Z.  Zntrodaetion. 

On  certain  physical  properties  of  metals.  Action  of  heat,  specific 
gravity,  crystallization,  fracture,  malleability,  ductility,  tenacity,  con- 
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ductivity  of  heat  and  electricity^  opacity,  lustre,  colour.  General  con- 
siderations on  metallurgical  processes.  Modes  of  occunence  of  metals 
in  nature,  ores,  reduction,  smelting,  roasting,  liquation,  slags. 


General  remarks,  calorific  power,  calorific  intensity,  dassification  of 
fuels,  wood,  peat,  ligpaite,  coal,  charcoal,  coke,  gaseous  fuel  and  gas 
furnaces,  charcoal  burning,  coke  burning,  t;^ical  varieties  of  coke  ovens, 
comparison  of  fuels  with  respect  to  ^orinc  power.  This  important 
branch  of  the  subject  is  treated  with  much  detail. 

ZZX.  Beft«etoi7  materials  employed  In  tlie  eonstniotlon  of 
ftamaoea,  ciueiblesv  die. 

Fire-clays  British  and  foreign,  crucibles  of  various  kinds,  nlumbago 
and  its  appHcation  to  crucibles,  manufacture  of  crucibles,  nre-bricks, 
silica  and  its  applications,  Dinas  fire-bricks,  sand  and  sandstones. 

ZV.    Special  Metallnrvy- 

Copper. — Compounds  of  special  importance  in  the  metallui^  of  this 
metal  fully  described,  such  as  the  disulphide,  oxides,  Sec,  ores  of  cop- 
per, copper-smelting  in  reverberatory  and  blast  fiimaces,  reactions 
occurring  in  the  process,  kernel-roasting,  *wet'  methods,  of  extracting 
copper  from  its  ores,  assaying  of  copper  ores  by '  dry '  and  '  wet '  methods, 
ship  sheathing. 

Zinc. — In  describing  the  roetallurgv  of  zinc  and  the  following  metals, 
the  same  plan  will  be  followed  as  in  describing  the  metallurgy  of  copper, 
that  is  to  say,  the  compounds  of  special  metallurgical  importance  will  be 
first  considered  in  detail,  as  well  as  the  reactions  upon  which  the  various 
processes  of  smelting  essentially  depend,  and  the  construction  of  the 
fiumaces  will  be  fully  explained.  Ores  of  zinc,  EngHsh,  Belgian,  Silesian, 
and  Carinthian  methods  of  extraction,  assaying  of  zinc  ores  brass,  its 
history,  properties  and  manufacture. 

Lead. — Chres  of  lead,  lead  smelting  in  the  *  ore-hearth,'  low  blast  and 
reverberatory  furnaces,  lead-fume  and  various  methods  adopted  for  its 
condensation,  assaying  of  lead  ores. 

Silver. — Ores  of  silver;  smelting  of  silver  ores  with  lead ;  cupellation ; 
desilverization  of  lead  by  Pattinson's  process,  also  by  that  of  Parkes ; 
treatment  of  argentiferous  copper  by  liquation;  extraction  of  silver; 
amalgamation,  the  old  Freiberg  method  and  the  Mexican;  Ziervogeland 
Augustin's  '  wet  '•  methods ;  treatment  of  argentiferous  copper-regulus ; 
alloys  of  silver  and  copper;  standard  silver ;  assaying  of  silver  ores  and 
all^s. 

Gold, — ^Modes  of  occurrence  of  gold  in  nature ;  extraction  by  amalga- 
mation and  by  smelting  with  lead ;  chlorine-water  as  a  solvent  for  the 
'  extraction  of  gold  from  certain  ores ;  separation  of  gold  from  silver  or 
parting  by  nitric  and  by  sulphuric  acids;  allovs  of  gold  with  the 
prece&ig  metals;  standard  alloys;  assaying  of  aimferous  ores  and 
alloys. 

Mercury. — Ores  of  mercury;  extraction  in  the  Almaden,  Idrian,  and 
Hahner  furnaces ;  in  retorts  in  admixture  with  reducing  agents ;  assaying 
of  the  ores  of  mercury. 

Antimony. — Ores  of  antimony ;  liquation  of  the  native  sulphide  and  its 
'  subsequent  reduction  by  iron  or  other  agents ;  alloys  of  antimony,  type 
metal^  &c. ;  assaying  of  the  ores  of  antimony. 

Bismuth. — Mode  of  occurrence  in  nature;  its  extraction  from  ores 
containing  it  by  liquation ;  alloys  of  bismuth. 

Nickel. — Ores  of  Nickel;  modes  of  extraction,  generally  by  a  com-' 
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bination  of '  dry '  and  '  wet '  processes ;  alloys  of  nickel,  especially  those 
known  as  German  silyer ;  assaying  of  nickeuferous  ores  and  alloys. 

Cobalt — Ores  of  cobidt;  smelting  and  preparation  of  zad3Ere  and 
cobalt  cok)urs,  smalts,  &c.;  separation  of  nickel;  assaying  of  cobalt 
ores, 

Artenic, — ^Mode  of  occurrence  in  nature ;  arsenious  acid  or  *  glass '  of 
arsenic,  generally  obtained  as  a  secondary  product  in  the  treatment  of 
certain  other  ores,  such  as  those  of  nickel,  cobalt,  &c. ;  modes  of  con- 
densation of  arsenical  fumes ;  preparations  of  arsenical '  glass,' 

Tin. — Ores  of  tin ;  smelting  in  reverberatory  and  blast  furnaces ;  tin 
refining ;  varieties  of  tin  in  commerce ;  alloys  of  tin,  with  the  preceding 
metals,  bronze,  ffun-metal,  bell-metal.  Sec. ;  assaying  of  tin-ores. 

Iron. — Malleable  iron ;  steel ;  pig-iron ;  ores  of  iron,  direct  extraction 
of  iron  in  the  malleable  state  from  the  ore;  smelting  of  iron  in  the 
modem-blast  furnace;  construction  of  blast-furnaces  and  blowing 
machines ;  economic  application  of  the  waste  gases ;  conversion  of  pig  into 
bar  iron  in  open  hearths  and  in  the  reverberatory  furnace ;  manufacture 
of  steel  by  various  methods.  This  department  of  the  subject  will  be 
treated  at  considerable  length. 

Various  Metals. — Platinum  and  its  associated  metals;  cadmium; 
sodium;  aluminium;  tungsten;  titanium;  manganese. 

Subject  3CX.— Navig^ation. 

1.  Elementary    Principles. — Problems  relating  to  latitude,  longritude; 

differences  of  latitude,  and  differences  of  longitude. 
Relation  between  an  arc  of  a  parallel  of  latitude  and  an  arc  of  the 

equator.    Principles  of  plane  sailing  and  middle  latitude  sailing. 

Principles  of  Mercator's  sailing.     Mercator's  chart.     Principles  of 

great  circle  sailing.    The  compass  and  its  corrections. 
(1.)  Variation.     (2.)  Deviation.      (3.)  Local   attraction.     (4.)  General 

theory  of  deviation  (Towson's  Practical  Information,  first  60  articles). 

Correction  of  courses  for  variation,  deviation,  and  leeway.    The 

log.     Correction  of  estimated  distances  run  for  errors  in  the  log 

line  and  glass.    Plane  sailing.    Traverse  sailing.     Middle  latitude 

saihng.     M creator's  sailing,  with  examples. 
To  find  difference  of  longitude  made  on  a  traverse.    Sea  joiimal.    A 

day's  work.     Practice  of  great  circle  sailing.    Circular  arc  sailing. 

Tides.    Winds.     Cyclones.    To  find  bearing  of  a  circular  storm ; 

veering  of  wind ;  heaving  to ;   and  sailing  from  centre  of  gale. 

Construction  of  tables  of  meridional  parts. 
Description  and  use  of  sextant,  with  the  theory,  adjustments,  and  errors. 
Note. — Candidates  for  certificates  as  teachers  of  Navigation  will  be 
required  to  possess  a  competent  knowledge  of  the  whole  of  the  above 
syllabus,  and  to  have  obtained  a  certificate  in  elementary  mathematics  and 
passed  in  higher  mathematics  as  far  as  spherical  trigonometry  inclusive. 
For  students. — To  *'  pass,"  as  far  ias  principles  of  plane  sailing.  The 
compass  and  correction  of  courses. 

For  honourable  mention. — As  far  as  Mercator's  sailing,  with  examples. 
For  third,  second,  and  first  class  Queen's  prizes,  a  proportionate 
knowledge  of  the  remainder. 


Bu'faject  XXZ. — ^Nantical  Astronomy. 

Definitions.  Time,  apparent,  mean,  sidereal,  &c.  Equation  of  time.  To 
express  interval  of  mean  or  sidereal  time  in  parts  of  sidereal  or 
mean  time  respectively.  To  convert  arc  into  time,  and  conversely. 
To  find  Greenwich  date.  To  take  out  right  ascension  of  sun  for  a 
giveti  mean  Greenwich  date. 
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Correction  of  altitudes.  Dip.  Parallax.  Refraction.  Augmentation 
of  moon's  semi-diameter.  Reduction  of  altitude  of  a  heavenly 
body  observed  at  one  place  to  what  it  would  have  been  if  observed 
at  another.    The  chronometer  and  its  Use,  error,  and  rate. 

Latitude  by  meridian  altitude  of  sun,  and  fixed  star. 

Latitude  by  meridian  altitude  of  moon.  To  find  Greenwich  mean  time 
of  moon's  meridian  passage.  To  find  semidiameter  and  horizontal 
parallax  of  moon  for  a  given  Greenwich  date.  To  take  out  from 
Nautical  Almanac  moon's  declination,  &c. 

To  find  local  and  Greenwich  mean  time  of  passage  of  a  star  over  a 
given  meridian  on  a  given  day.  Ijatitude  by  altitude  of  sun,  star, 
or  moon  below  the  pole  and  by  pole  star.  Latitude  by  altitude  of 
sun  or  other  heavenly  body  near  the  meridian.  Calculations  of 
hour  angles.  Meridian  distances.  Right  ascensions.  Computa- 
tions of  time.  Error  and  rate  of  chronometer.  Computation  of 
mean  or  apparent  time  at  any  place  from  observed  altitude  of  a 
heavenly  body.  Longitude  by  chronometer.  Error  in  hour  angle 
from  error  in  observed  altitude.  Variation  of  compass.  Azimuth, 
altitudes,  amplitudes,  determination  of  true  bearings.  True  azimuth 
from  altitude  of  heavenly  body  and  without  observed  altitude. 
True  bearing  of  a  point  of  land,  &c.,  by  observed  angular  distance 
from  the  sun.  Variation  of  compass  from  observed  amplitude  of 
sun. 

Deviation  of  compass,  from  Art.  50  to  end  of  Towson's  Practical  Infor- 
mation.    Sumner's  method  of  finding  longitude  and  latitude. 

Method  of  double  altitudes,  Ivory's  and  direct.  Error  of  chronometer 
by  equal  altitudes  of  sun  and  fixed  star.  To  compute  apparent 
altitude  of  a  heavenly  body  when  its  true  altitude  is  given. 

Methods  of  clearing  a  lunar  chstance  from  the  effects  of  parallax  and 
refraction.  To  find  Greenwich  date  corresponding  to  a  given  true 
lunar  distance,  &c.  To  find  the  altitudes  when  a  lunar  distance  is 
taken  from  altitudes  before  a.nd  after  taking  the  di«tance.  To  find 
the  longitude  by  a  lunar.  Rate  of  chronometer  by  a  lunar. 
Obs. — In  all  the  above  problems  the  demonstration  of  the  rules  as 

well  as  accurate  practical  working  is  required. 

Note. — Candidates  for  certificates  as  teachers  will  be  required  to 

possess  a  competent  knowledge  of  all  the  above  syllabus,  and  to  have 

obtained  a  certificate  in  the  elementary  mathematics,  and  passed  in 

higher  mathematics  as  far  as  spherical  trigonometry  inclusive. 

For  students. — To  "  pass,"  a  knowledge  of  the  elementary  principles, 

and  finding  latitude  by  meridian  altitudes  of  a  heavenly  body. 

For  "honourable  mention,"  the  above,  with  variation  of  compass 

from  altitudes  and  azimuths,  and  rate  of  chronometer,  and  longitude  by 

chronometer,  is  required. 
For  third,  second,  and  first  class  Queen's  prizes,  a  more  or  less  accurate 

knowledge  of  the  remainder. 

Subject  XXZZ.— Steam. 

1.  General  Properties  of  Steam. — General  effects  of  heat  and  cold,  with 
practical  applications  of  the  principle. .  Law  of  expansion  by  heat 
not  universal.  Beneficial  result  of  this  anomaly.  To  ascertain  the 
temperature  of  any  substance.  Pyrometer.  Thermometer — Descrip- 
tion—Graduation. Comparison  of  thermometers  when  differenUy 
graduated.  Laws  of  cooling.  Conduction.  Conducting  powers  of 
bodies.  Convection.  Explanation  of  some  natural  phenomena  by  this 
law.  Radiation.  Radiating  power  of  bodies.  On  what  it  depends. 
Land  and  sea  breezes.    Capacity  for  heat.  Unit  of  caloric.     Latent 
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heat.  Under  what  cireainBtances  lieat  becomes  latent.  Heat  sole 
agent  in  melting  and  .vaporising,  bodies.  Calorimeter.  Sources  of 
heat.  Combustion.  Temperature  necessary  for  it.  Boiling  point. 
Temperature  of  elastic  fluids. .  Vapour.  Formation  of  dew.  Dis- 
tinction between  vapour  and  steam.  Boiling  points  of  fresh  and 
saltwater.  Distillation.  High- pressure  steam.  Measure  of  steam 
bjT  atmospheres.  Steam  when  in  contact  and  when  not  in  contact 
with  boihng  water.  Relation  between  pressure,  density,  and  tem- 
perature of  steam.  Specific  gravity  of  steam.  Conunon,  super- 
heated and  surcharged  steam.    Priming.  Analysis  of  sea  water. 

2.  Steam  Engine. — General  principles.    Different  kinds.     Engines  in  use 

before  Watt.  Newoomen's  engine.  Its  defects.  Discoveries  of 
Watt.  Blowinff  through.  Detects  in  atmospheric  engines.  Single 
acting  and  double  acting  engines.  Expansion  valve.  Cornish — 
High-pressure  or  non-condensing  engine.  Marine  steam  engine. 
Different  descriptions.  Side-lever  marine  engine.  Blow-valve. 
Stuffing  boxes.  Piston  of  steam  cylinder.  Worlung  parts.  Working 
of  the  slides,  strap,  gib,  and  cutter.  Escape  valve  of  cylinder. 
Parallel  motion.  Hall's  condensers.  Test  cocks.  Grease  cocks. 
Grease  cups  of  slides.  Annular  air-pump  bucket.  Annular 
delivery  valve.  Various  kinds  of  slides.  Cushioning,,  Lead.  lAp, 
its  effects.  The  eccentric.  Throw  and  stops  of  ditto.  To  find  the 
travel  of  the  slide.  Back-lash.  Double  eccentric.  Throttle  valve. 
Expansion  valve  and  various  kinds.  Barometer  or  condenser 
gauge.  Method  of  estimating  pressure  by  it.  Errors  in  this 
method,  and  correction  of  the  same.  Lubricators,  &c.  Number 
of  engines  in  a  steamer.  Expansion  cams  and  gear.  Feed  pumps. 
Bilge  pumps.  Modes  of  propulsion.  Paddle  wheels.  Pitch,  Reefing. 
Disconnexion  and  immersion  of  wheels.  Brakes. — Modes  of  fitting. 
The  screw  propeller.  Length,  angle,  pitch,  slip,  area  of  screw 
blade.  Disconnecting  and  raising  screw.  Governors.  Direct 
acting  engines.  Gorgon — Fairbairn's  double  cylinder,  oscillating, 
trunk  engines,  &c.  Engines  for  screw  propellers.  Direct  acting, 
with  and  without  multiplying  gear.  Oscillating  horizontal  and  trunk 
engines.    Double  acting  air-pump. 

3.  Boilers. — Description.    Gear  connected  with  them.    Tubular  boiler. 

Number  of  boilers.  Steam  chest.  Safety  valve.  Waste.  Steam 
funnel  and  drip  pipe  to  steam  gauge.  Wash  or  dash  plates.  The 
funnel  dampers.  Reverse  valve.  Communication  or  stop  valve. 
Blow-out  cocks.  Circulating  pipes.  Brine  pumps.  Brine  valves. 
Refrigerators. 

4.  Calculations. — Methods  of  measiuring  efficiency  of  steam  engines. 

Duty  of  an  engine.  Horse  power.  Mercantile  or  nominal  horse 
power.  Horse  power  from  the  evaporation  in  the  boiler.  De 
Pambour's  theory.  Velocity  of  maximum  useful  effect.  To  find 
evaporation  of  a  condensing  engine  of  given  dimensions  and  horse 
power,  the  piston  moving  with  a  given  velocity  with  and  without 
expansion.  To  find  the  pressure  in  cylinder,  knowing  the  effective 
evaporation.  To  find  the  diameter  of  a  cylinder  to  work  at  a  certain 
speed,  knowing  the  evaporation.  To  find  the  evaporation  in  the 
boiler,  knowing  the  diameter  and  velocity  of  piston  and  pressure  of 
steam  in  the  cylinder  with  and  without  expansion.  Same  for 
locomotive.  Watt's  engines,  &c. 

The  screw — ^to  find  its  area.  Angle  of  the  helix  or  thread  of  the 
screw  propeller — to  find  the  pitch.  The  power  exerted  by  a  screw. 
How  far  slip  depends  on  form  and  dimensions  of  the  screw.  Motion 
of  paddle-wheels,  &c.  Consumption  of  fuel.  Measure  of  locomo- 
tive performance  of  marine  steam  engines.    To  find  the  angle  the 
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onnk  lias  moved  through  when  the  piston  is  at  a  given  distance  from 
the  top  of  the  stroke.  Amount  of  work  developed  hj  crank  in  a 
half-revolution — length  of  radius-bar  in  side  lever  engine.  Work 
done  in  the  up  and  down  stroke  of  the  air  pump.  The  best  tempe- 
rature for  the  condenser  of  a  steam  engine.    Qualities  of  fuel,  &c. 

5.  Practical  working, — Getting  up  steam.     Mode  of  starting.     Working 

engines  at  moorings.  Priming-^causes  and  remedies.  Banking 
up  and  putting  back  fires,  &c.  Duties  to  machinery  when  under 
steam,  boiler,  fires,  &c.  Iiyection  pipes.  Kingston's  valves.  Leaks 
in  engines.  Bearings  of  engines.  Expansive  working.  Manage- 
ment of  fuel.  Damages  and  repairs  to  boiler,  &c.,  after  accidents. 
Duties  to  engine,  &c.,  on  arriving  in  harbour. 

6.  Indicator, — The  ends  it  fulfils.      Description.      Atmospheric    line. 

Method  of  taking  a  diagram.  The  general  configuration  of  diagram 
to  be  expected  under  various  circumstances.  The  slide-diagram. 
Examination  of  Indicator-diagram  when  steam  is  throttled;  when  ex- 
pansive ffear  alone  used,  and  in  other  cases.  To  ascertain  the  horse- 
power of  an  engine  by  means  of  the  indicator.  To  find  quantity  of 
water  evaporated.  Friction  of  steam  engine  without  load.  Diagram 
when  there  is  no  condensation.  Diagram  showing  the  rektive 
motions  of  slide  and  piston  at  every  point  of  the  stroke. 

Dynamometer.    To  find  horse-power  of  engine  by  means  of  it. 

The  text  books  specially  recommended  are — The  Marine  Steam  Engine, 
by  Professor  Main  and  Mr.  Brown,  R.N.,  Longmans  and  Co. ;  Main 
and  Brown's  Indicator  and  Dynamometer ;  De  Pambour's  Theory 
of  the  Steam  Engine, 

Note. — No  certificate  as  a  teacher  of  steam  wiU  be  given  unless  the 
candidate  has  obtained  a  certificate  in  elementary  mathematics  and 
theoretical  mechanics ;  and  no  first  grade  certificate,  unless  he  has  taken 
a  certificate  in  higher  mathematics. 

Subject  XXZZZ.— Physical  Geog^raphy. 

The  knowledge  included  in  this  subject  embraces : — 

a.  A   genmd  acquaintance  with  astronomy,  so  far  as  it  relates  to 

terrestrial  phenomena. 

b.  Distribution  of  the  land  and  water ;  forms  of  the  great  continents ; 

the  general  structure  of  land  with  regard  to  mountains,  table 
lands,  plains,  deserto,  islands,  &c. 

c.  The  ocean;  its  physical  and  chemical  characters,  temperature, 

depth,  waves,  tides,  tidal  bore,  progress  of  the  tide  wave,  ocean 

currents,  and  soundings, 
d  Inland  waters,  including  the  phenomena  of  springs,  rivers,  lakes, 

and  influence  of  the  distribution  of  inland  waters  upon  com- 
merce. 
e.  Winds,  including  land  and  sea  breezes,  trade  winds,  variable 

winds,  law  of  storms,  cyclones,  &c. 
/.  Climate:  physical  causes  which  determine  climate,  isothermal 

lines,  and  temperature  tables. 
g.  Distribution  of  plants  and  animals,  especially  as  their  produce  is 

turned  into  articles  of  commerce;  and  classification  of  the 

races  of  man. 
h.  Information    on  the  physical  geography  of  the   British  and 

Colonial  Empire  of  Great  Britun,  with  especial  reference  to 

exports  and  imports. 
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SCIENCE  FORM,  No.  232. 


CIRCULAR  MEMORANDUM  TO   SCIENCE   SCHOOLS 
AND  CLASSES. 

By  the  advice  of  the  Examiners  in  Science,  the  Lords  of  the  Com- 
mittee of  Council  on  Education  have  sanctioned  the  following  rules 
for  the  examination  of  Science  Schools  and  Classes  in  May : — 

1.  That  there  shall  he  two  examination  papers  in  each  suhject ;  one  of 
which  (the  first)  will  he  an  easy  paper,  the  other  (the  second)  more 
difficult. 

2.  That  the  candidate  shall  he  allowed  to  select  questions  out  of  either 
the  first  or  the  second  paper ;  but  not  out  of  both. 

3.  That  the  candidate  shall  be  restricted  to  a  certain  number  of  ques- 
tions in  each  paper — the  number  which  he  may  fairly  answer  in  the  time 
allowed — and  that  the  paper  shall  consist  of  about  half  as  many  more 
questions.  Thus,  if  eight  questions  in  a  paper  can  fairly  be  answered  in 
the  three  hours,  the  paper  will  consist  of  about  twelve  questions,  and  the 
candidate  will  be  allowed  to  attempt  any  eight  of  those,  but  no  more. 

4.  That  the  5th  and  4th  class  shall  be  obtained  from  the  first  paper 
only>  and  the  1st  and  2nd  class  from  the  second  paper  only ;  whilst 
the  Srd  class  may  be  obtained  from  either  the  first  or  the  second  paper. 

Thus,  for  instance,  if  the  candidate  is  restricted  to  eight  questions  in 
the  first  paper  and  to  ten  in  the  second  paper  in  a  subject,  then  the 
number  of  marks  attached  to  some  eight  and  some  ten  of  those  ques- 
tions respectively  will  be  100,  and  40,  60,  and  80  *  marks  in  the  first 
paper  will  give  a  5th,  4th,  or  3rd  class  respectively,  while  40,  60,  and  80 
marks  in  the  second  or  difficult  paper  will  give  a  3rd,  2nd,  or  1st  class. 
The  Srd  class  will  thus  be  obtained  either  by  very  good  answering  in  the 
easy  paper  or  by  fair  answering  in  the  difficult. 

5.  Teachers  are  recommended  to  explain  the  system  fully  to  their 
pupils  before  they  come  up  to  examination,  and,  if  possible,  from  their 
knowledge  of  the  students'  attainments,  to  advise  them  which  paper  to 
attempt. 


*  These  pei>centageB  are  only  given  as  examples.   The  scale  may  vary  from  tim^  to 
time. 
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Address. 

National  School,  M 
St.  Mark's  College, 
St.  Mark's  College, 
Eaatington,  Stonel                                "6 

St.  Mark's  College,  Chelsea 
St.  Mark's  College,  Chelsea 
24,  Market  Place,  Manchester       - 

30,  Albion  Grove  West,  Bamsbury,  N.    - 
St.  Mark's  College,  Chelsea 

rood- 

Prestbuiy  Bead,  Macclesfield      • 

31.  Bichmond  Place,  Brighton      • 

The  Grammar  School,  BoswOrth,  Hinckley 
29.  Queen  Street.  Edgehill.  Liverpool     • 

•  • 

•  • 

•  • 

^ 

Wheatley,  Alfred      -' 
Wheeler,  George  H.  - 
Whitehead,  JohnB.  - 
Whitehouse,  Henry  I. 
Wilcox.  Edward       - 

Wild,Bobert    -      - 
Wild,  William  L.      - 
Willcock,  Joseph      - 
Willey,  Thomas 
Williams.  John 

Wimam8,W.M. 
Williamson,  Stewart 
Wilson.  Thomas 
Wlnney,  William   *  - 
Winter,  William       • 

Wire.  Alfred  P. 
Wood,  Charles  H.     - 
Wood,  Edward  - 
Woodcock,  Fred.W.  * 
Woodhead,  William- 

Woodward,  Chas.  J.  - 
Woollett,  John  -      * 
Wren,  Edmond       • 
Wynn,  William  T.    - 
Yates.  Frederick      • 
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SCEENCIS  AND  ART  DEPARTMENT. 
COMMITTEE  OF  COUNCIL  ON  EDUCATION, 

Cromwell  Road,  South  Kensington. 
Lord  President,  The  Right  Hon.  the  Earl  Gbantille,  E.G. 
Vice-President  of  the  Committee  of  Council  on  Education,  The  Hierht  Hon. 
,  H.  A.  Bruce,  M.P. 


List  of  Officers  of  the  Science  and  Art  Department. 
Office  hours  10  till  4. 
General  Administration. 
Secretary. — ^Henry  Cole,  C.B. 
Assistant  Secretary. — Norman  MacLeod. 
Chief  Clerk.— Vj.  Stanley  Poole. 

First-class  Clerks. — Percival  B.  B.  Peile,  certificated  in  Science  ;  E.  P.  Bartlett. 
Second-class  Clerks. — A.  H.   Gasparini  ;   C.  A.  Pierce,  certificated  in  Art ; 

A.  S.  Cole,  certificated  in  Art;  A.  J.  R.  Trendell ;  T.  Chesman,  B.A. 
Supplementary  Clerks. — ^E.  Belshaw,  certificated  in  Art ;  W.  Burtt ;  G.  G. 

Millard,  certificated  in  Science. 
Assistant  Clerks.— Vf.  H.  F.  Stratton  ;  C.  Comyns;  C.  G.  Quinton. 
Accountant. — A.  L.  Simkins.     Book-keeper. — H.  W.  Williams.     Assistant. — 

T.  A.  Bowler. 
Storekeeper.— W.  G.  Groser,    Deputy. — H.  Lloyd. 


Science  Division. 
Official  Inspector  for  Science. — Captain  Donnelly,  R.E. 
Occasional  Inspectors. — J.  F.  Iselin,  M,A. ;  P.  J.  Sydney,  LL.D. ;  Captain 

Harris,  E.I.C.  {Navigation). 
Official  Examiner. — G.  C.  T.  Bartley,  certificated  in  Science ;  also  in  Art. 
Professional  Examiners  for  Science. — Professors  T.  Bradley;  Rev.  B.M.  Cowie, 

B.D. ;  A.  W.  Hofinann,  LL.D.,  F.R.S. ;  T.  H.  Huxley,  F.R.S. ;  G.  Kinkel, 

Ph.  D.,  F.R.G.S. ;   J.  Percy,  M.D.,  F.R.S. ;   A.  C.  Ramsay,  F.R.S. ; 

W.  W.  Smyth,  M.A.,  F.R.S. ;  T.  Thomson,  F.R;S,;  J.  Tyndall,  F.RS.  ; 

Rev.  Joseph  Woolley,  LL.D. 
Organizing  Master  of  Science  Classes. — J.  C.  Buckmaster. 

Art  Division. 
Inspector-General. — Richard  Redgrave,  R.A. 

Official  Inspectors. — H.  A.  Bowler;  R.'G.  Wylde,  certificated  in  Art. 
Occasional  Inspectors. — ^Eyre  Crowe ;  S.  A.  Hart,  R.A. ;  F.  B.  Barwell. 
Official  Examiner.—  G.  F.  Duncombe. 
Occasional  Examiners. — John  Marshall,  F.R.C.S.,  FsR.S.  ;  Rev.  J.  H.  Edgar; 

T.  Clack;  G.  M.  Atkinson;  G.  Stewart ;  G.  R.  Redgrave;  Dr.  Dresser. 
Professional  Examiners. — SirF.  Grantj..P,R.A..;  Daniel  N.  Maclise,R  A.;  J.  C. 

Horsley,R.A. ;  Richard  Redgrave,  RA   ;  F.  Leighton,  A.R.A. 


South  Kensington  Museum. 
Director, — Henry  Cole,  C.B. 

Assistant  Directors. — R.  A.Thompson;  P.  C.Owen;  Captain  E.  R.  Festing,R.E. 
Director  of  New  Buildings. — Lieut.-Colonel  Scott,  R.E. 
Decorative  Artists. — J.  Gamble  ;  R.  Townroe. 

Art  Referees  for  the  Museum. — R.  Redgrave,  R.A. ;  J.  C.  Robinson,  F.S.A. 
Editor  of  Catalogues  and  Referee  for  Libraries. — J.  H.  Pollen,  M.A.,  late 

Fellow  of  Merton  College,  Oxford. 
Provisional  Librarian  for  Art  Library.  ^^,  EL  Soden  Smith,  M.A.,   Trinity 

College,  Dublin,  F.S.A. 
Division  Keepers  of  Museum    Collections. — G.  Wallis ;  W.  Matchwick;  H. 

Sandbam;  R.  Laskey. 
Assistant  Keeper  of  Museum  Collections, — C.  B.  Worsnop. 
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South  Kevsikgton  Museum — cont. 

Sapphmentary  Assistant  Keepers. — C.  C.  Black,  M.A.,  Trinity  College,  Cam- 
bridge ;  R.  F.  Sketchley,  B.A.,  Exeter  College,  Oxford  ;  H,  E.  Acton  : 
J.  W.  Appell,  Ph.  D.;  A.  C.  King,  KS.A. 

Citrks  of  Collections.—l).  Craven  ;  J.  B.  Rundell. 

Supplementary  Clerks,— B..  Vernon  ;  A.  Maason ;  F.  .Coles,  certificated  in 
Science  ;  F.  Groser,  certificated  in  Art ;  W.  G.  Johnson. 

Agent  for  Sale  of  Examples. — J.  Cundall. 

Official  Photographer, — C.  Thurston  Thompson. 

Hon.  Surgeon. — F.  ScTmour  Haden,  F.U.C.S. 


National  Abt  Tbaining  School. 
Head  Jlfa<tor.— Richard  Bnrchett 
Deputy  Head  Master. — R.  W.  Herman, 
Mechanical  and  Architectural  Drawing. — H.  B.  Hagreen. 
Geometry  and  Perspective. — C.  M,  Clarke, 
Painting,  Freehand  Drawing  of  Ornament,  jfc.  the  Figure  and  Anatomy,  and 

Ornamental  Design.^H.  Burchett,  R.  W.  Herman;  W,  J>enby;  R.  Col- 

linson-y  C.  P.  Slocombe. 
Modetling.^Y.  M.  Miller. 

Laafy  Superintendent  of  Female  Siudenta.'-Miss  Tnilock, 
Female  Teachers. — Mrs.  S.  E.  Casablanca;  Miss  Channon. 
Lecturer  on  Anatomy. — J.  Marshall,  F.R.S.,  F.R.C.S. 
Lecturer  on  Botany. — Christopher  Dresser,  Ph.  D.  (Jena). 


RoTAL  School  op  Naval  Abchiteotuse  and  Mabine  Enoinebbino. 
Inspector  General  and  Director  of  Studies. — Rer.  Joseph  Woolley,  LL.I). 
Principal.'-'C.  W.  Merrifield,  F.K.S. 

Vice  Princi*pa/.— Henry  Martyn  Taylor,  B.A.,  Scholar,  Trinity  College,  Cam- 
bridge. 
Instructor  of  Naval  Drawing.-^W.  B.  Baskcomb. 
Instructor  in  Engineering  Drawing, — John  Maxton. 
Instructor  in  PracticcU  Chemistry. '— John  Dayidson. 
Instructor  in  French,-^'i/L,  Penon. 
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Summary  of  the  Nature  and  Amount  of  Assistance 
afforded  by  the  Science  and  Art  Department  to 
the  Industrial  Classes  in  procuring  Instruction 
in  Science. 


llmportant  Alterations  made  since  the  last  edition  of  the  Directory  are  , 
printed  in  Italics.'] 

I.  A  sum  of  money  is  voted  annually  by  Parliament 
for  scientific  instruction  in  the  United  Kingdom. 

II.  This  sum  is  administered  by  the  Science  and 
Art  Department. 

III.  The  head  of  the  Education  Department  of 
which  the  Science  and  Art  Department  is  a  branch 
is  the  Lord  President  of  the  Council,  assisted  by  a 
member  of  the  Privy  Council,  who  is  called  the  Vice- 
President  of  the  Committee  on  Education,  and  who 
acts  under  the  direction  of  the  Lord  President,  and 
for  him  in  his  absence.  (Order  in  Council,  25th 
February  1856,  Act  19  &  20  Vict.  c.  116.  J 

IV.  The  object  of  the  grant  is  to  promote  instruc- 
tion in  Science  especially  among  the  industrial 
classes,*  by  affording  a  limited  and  partial  aid  or 
stimulus  towards  the  founding  and  maintenance  of 
Science  schools  and  classes.f 

V.  The  payment  offees  by  the  students  Pa>Tiwntof 
can  be  looked  upon  as  the  only  solid  and  student. 
suflScient  basis  on  which  a  self-supporting 

system  can  be  established  and  supported.  Though 
my  Lords  do  not  consider  it  necessary  at  present  to 
lay  down  any  rules  making  the  payment  of  fees  an 
absolute  cotidition  of  the  grants  on  account  of  Science 
*  '  -  - 

*  Direct  payments  are  made  to  teachers  only  on  behalf  of 
adult  artisanSy  or  the  children  of  artisans,  .or  the  children  of 
persons  who  are  not  assessed  to  the  income  tax,  that  is,  who  do 
not  possess  an  income  of  100/.  a  year.     (See  §  xviii.) 

f  The  amount  is  liable  to  be  decreased  and  eventually  with- 
drawn. Payments  to  teachers  therefore  must  not  be  looked  upon 
as  perpetual,  or  in  any  way  conferring  on  the  teacher  a  claim  to 
any  payments  beyond  those  offered  for  each  current  year. 
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instruction,  yet  as  the  payments  from  the  State  must 
be  expected  to  diminish,  and  as  aid  on  account  of 
those  persons  who  do  nothing  for  themselves  cannot 
be  justified,  Committees  of  schools  and  classes  and 
Teachers  are  strongly  urged  (should  it  at  present 
not  be  the  practice)  at  once  to  impose  as  high  a  scale 
of  fees  as  they  consider  can  be  raised  not  only  on 
middle  class  students  but  also  on  artisans. 

VL  The  following  are   the  Sciences  towards  in- 
struction in  which  aid  is  given  :— 

Subject  1,  Practical      Plane      and      Descriptive 

Geometry. 
„        2,  Mechanical  and  Machine  Drawing. 
„        3,  Building      Construction     or      Naval 

Architecture. 
„        4,  Elementary  Mathematics. 
„         5,  Higher  Mathematics. 
„         6,  Theoretical  Mechanics. 
„         7i  Applied  Mechanics. 
„        8,  Acoustics,  Light,  and  Heat. 
„         9,  Magnetism  and  Electricity. 

„  10,  Inorganic  Chemistry. 

„  II,  Organic  Chemistry. 

„  12,  Geology. 

„  13,  Mineralogy. 

„  14,  Animal  Physiology. 

„  15,  Zoology. 

„  16,  Vegetable  Physiology   and  Economic 

Botany. 

,,  17,  Systematic  Botany. 

„  18,  Mining. 

„  19,  Metallurgy. 

„  20,  Navigation. 

„  21,  Nautical  Astronomy. 

„  22,  Steam. 

„  23,  Physical  Geography. 

VII.  The  assistance  granted  by  the  Science  and 
Art  Department  is  in  the  form  of— 

\.   Payments  on  results  to  certificated   teachers. 
(See  §  XV.,  xviii.,  and  xix.) 
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2.  Grants  towards  the  purchase  of  apparatus,  &c. 

(See  §  xxi.) 

3.  Public  examinations  in  which  Queen's  Medals, 

Honorary  Certificates,  and  Prizes  are  awarded, 
held  at  all  places  complying  with  certain  con- 
ditions.    (See  §  xi.,  xii.,  xiii.,  xiv.,  xv.,  xvi., 
and  xvii.)      On   the  results    of    these   ex- 
aminations the  payments  are  made  to  the 
teachers.     (See  §  xv.  and  xviii.) 
VIIL  Examinations  for  certificates   to   Examinations 
teach  any  of  the  before-mentioned  sciences   cerSacate?.' 
are  held  annually,  commencing  in  the  first 
week  in  November,  at  South  Kensington.     Exami- 
nations will  also  be  held  in  Dublin,  Edinburgh,  and 
Manchester  if  five  candidates  register  themselves  for 
examination  in  Ireland  and  in  Scotland  and  in  the 
north  of  England.    Any  person  whatever  may  attend 
this  examination   by  sending  in   his  or  her  name 
to  the  Secretary  of  the  Science  and  Art  Department, 
'  before  the  15th  October,  stating  the  subject  or  sub- 
jects in  which  he  or  she  wishes  to  be  examined. 
Certificates  of  three  grades  are  given  in  each  subject. 
These  certificates  are  only  considered  as  simple  re- 
cords of  the  results  of  examination  in  the  various 
sciences  before  mentioned,  entitling  the  teacher  to 
earn  payments  by  successful  teaching  in  the  subjects 
for  which  he  or  she  is  certificated.*     No  payments 
can  be  made  to  a  teacher  on  account  of  instruction 
in  subjects  in  which  he  is  not  certificated. 

IX.  Suitable  premises,  with  firing, light-  School  Pre- 
ing,  &c.,  must  be  found  and  maintained 
at  the  cost  of  the  locality  where  the  school  or  class 
is  held.  If  at  any  time  the  funds  do  not  cover 
these  requisite  local  expenses,  it  must  be  inferred 
that  there  is  no  such  demand  as  the  Government  is 
justified  in  aiding,  for  instruction  in  the  locality  ;  and 
the  assistance  of  the  Department  will  be  withdrawn. 

*  Such  examination  may  be  dispensed  with  in  cases  where  the 
candidate  has  taken  a  degree,  the  examination  for  which  sati$i- 
factonly  meets  the  requirements  of  the  case.  Full  particulars 
must  be  furnished  by  the  applicant. 
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^ocadCom-        X.  A  Local   Committee  of  not  less 

than  five  well  known  responsible  persons 

must  be  formed  in  connexion  with  ^very    Science 

Class,  who  will  carry  oat  the  instructions  contained 

in  Appendix.    (See  pages  14  and  18  to  22.) 

EMimMicm       XI.  The  Science   and    Art    Depart- 
under  Cer-     ment  holds  annually  in  May  (see  Science 
^^      Form,  No.  232,  page  59),  through  the 
^^  agency  of  the  Local  Committees,  a  public 

examination  of  all  Science  schools  and  classes  in  any 
locality  throughout  the  United  Kingdoni  which 
complies  with  the  requisite  conditions.  (See  §  x., 
xiii.,  and  xiv.)  On  the  results  of  this  examination 
the  payments  are  made  to  certificated  teachers.  (See 
§  xv.  and  xviii.)  Application  for  it  must  be  made 
before  the  end  of  March  in  each  year,  stating  ^he 
number  of  persons  and  the  subject  or  subjects  in 
which  they  are  to  be  examined.  The  form  of 
application,  Science  Form  No.  1 19  (see  page  22), 
will  be  sent  on  application  to  the  Secretary,  Science 
and  Art  Department. 

In  addition  to  the  above,  examinations  in  mathe- 
matics, navigtition,  nautical  astronomy,  steam,  and 
Ehysical  geography  are  held  for  the  benefit  of  sea- 
iring  men,  and  for  them  only,  three  times  a  year 
in  all  seaports  where  Local  Conmiittees  are  formed 
and  are  willing  to  undertake  them.  These  ex* 
aminations  take  place  in  the  beginning  of  March, 
September,  and  December.  The  application  for 
these  examinations  must  be  made  on  Science  Form 
No.  119  before  the  10th  day  of  the  previous  month. 

Eum^taon  XII.  A  school  or  class  taught  by 
ckuM^  a  teacher  not  holding  a  certificate,  may, 
by  applying  to  the  Secretary  of  the 
Science  and  Art  Department,  be  examined  at  the 
same  time  and  in  the  same  manner  as  the  classes 
under  certificated  teachers:  provided  that  a  Local 
Committee  be  formed  which  complies  with  the 
re<juisite  conditions:  (See  Appendix,  page  21, 
Science  Form,  No.  88  a.) 
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If  the  class  be  for  artisans  the  pupils  are  eligible 
to  receive  Queen's  Prizes  and  Queen's  Medals  under 
the  same  condition  as  the  pupils  of  certificated  teach- 
ers. Should  it  however  be  for  the  middle  classes  the 
pupils  are  not  eligible  for  prizes  and  medals,  but  re- 
ceive certificates  of  merit  instead. 

XIII.  If  two  or  more  classes  in  the  same  ^^^^.  ^^ . 
town,  or  within  a  reasonable  distance  of  ^™™  ""• 
one  another,  apply  for  the  examination  of  the 
Science  and  Art  Department,  a  general  examination 
committee  must  be  formed  by  the  amalgamation  of 
the  several  Committees  to  carry  out  the  examina- 
tions at  some  common  centre,  such  as  the  town  hall 
or  other  public  building.  It  is  only  when  the  classes 
consist  of  100  or  more  candidates  that  such  amalga- 
mation of  the  committees  will  not  at  present  be  in- 
sisted on. 

XIV.  Any  persons  whatever,  whether  EMmination 
taught  by  the  certificated  teacher  or  not,   students. 
may   present   themselves  at    the   Local 
Committee's  examination  on  registering  their  names 
in  time  for  the  Local  Committee  to  comply  with  the 
instructions,  and  paying  a  registration  fee  of  not  more 
than  2*.  6rf.  each.     Arrangements  must  therefore  be 
made  by  the  Local  Committee,  or  the  General  Exami- 
nation Committee,  as  the  case  may  be,  to  enable  other 
candidates,  besides  the  students  in  the  class  for  which 
the  Committee  act,  to  present  themselves  at  this  ex- 
amination.  The  registration  fee  of  2^.  6rf.,  which  such 
candidates  may  be  required  to  pay,  is  to  reimburse 
the  Committee  for  any  extra  expenses  incurred  by 
such  attendance,  and  may  at  their  option  be  remitted. 

XV.  The  successful  candidates  at  the  ^^^^^^ijf'''^ 
May  examination  and  the  quarterly  ex- 
aminations of  seamen  are  classified  under  the  heads 
of  first,  second,  third,  fourth,  and  Jifih*  class.  The 
standard  of  attainment  required  may  be  raised  from 
year  to  year.  For  the^^A  class  it  is  only  such  as  will 
justify  the  Examiner  in  reporting  that  the  instruction 
has  been  sound,  and  that  the  students  have  benefited 
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by  it.  Those  who  have  attained  a  h^her  d^ree  of 
proficiency  are  classed  as  4th,  Srd,  2nd,  or  Ist  class, 
according  to  their  merit. 

Pri^*"  XVI.  To  the  1st,  2nd,  and  3rd  class 

are  given  Qneen's  prizes  consisting  of 
books  or  instruments  chosen  by  the  candidates  from 
lists  furnished  for  that  purpose.  These  are  unlimited 
in  number,  and  are  open  to  all  candidates  who  come 
within  either  of  the  following  categories,  except  as 
below,  see  a.  and  A.  ( 1 )  Students  in  Science  Classes 
tinder  Certificated  Teachers  ;  (2)  Registered  Students 
in  Artisan  Classes  taught  by  Non-certificatedTeachers, 
or  (3)  bon&  fide  artisans. 

Other  candidates,  if  successful,  receive  instead  Cer- 
tificates of  merit  recording  their  success. 

The  following  are  ei^ceptions  to  the  above  rule. 

a.  Science  Certificated  Teachers ;  and 

b.  Students  who  have  previously  received  the  same, 
or  a  higher  class  prize,  in  the  sanie  subject. 

The  names  of  such  candidates  will  simply  be  re- 
corded in  the  published  lists. 

u^*^  XVII.  To  the  four  best  in  each  subject 

are  awarded  Queen's  niedals.  These  con- 
sist of  one  gold,  one  silver,  and  two  bronze  in  each 
subject  for  competition  throughout  the  United  King- 
dom. They  are  only  awarded  if  there  are  a  suflScient 
number  of  qualified  candidates,  and  the  gold  medal 
will  only  be  given  in  cases  of  high  merit  specially 
recommended  by  the  examiner.  The  same  candidate 
cannot  obtain  the  same  medal  in  the  same  subject 
more  than  once. 

Only  registered  students  of  schools  and  classes 
under  Local  Committees  (see  §  x,  and  xii,)  are 
eligible  for  medals.  They  cannot  be  taken  by  middle 
class  students  who  are  more  than  17  years  of  age. 
Students  who* but  for  this  restriction  would  have 
taken  the  medal,  will  receive  an  honorary  certificate 
instead.  Should  a  student  take  more  than  one  gold, 
silver,  or  bronze  medal,  he  will  receive  books  instead 
of  a  second  medal. 
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XVIII.    Payments    are    made  to   the  ^""^^^^ 
certificated   teacher    ou    account  of   the         *"' 
instruction  of  students  of  the  Artisan  Classes  (for  de- 
finition of  Artisan  Class  see  Science  Form  No.  51, 
page  24)  in  the  following  manner : — 

1/.,  2Z.,  3/.,  4/.,  6/.  are  the  claimable  payments  for 
each  student « in  each  subject,  according  to  the  class 
in  which  he  passes,  but  these  amounts  may  be  reduced 
in  the  following  ways : 

1st.  If  the  student  has  been  successful  in  the  same 
subject  before  such  payments  are  reduced  by  the 
normal  payment  which  was  claimable  on  such  pre- 
vious success ;  for  instance,  the  41.  payment  for  a 
second  class  would,  if  the  student  had  previously 
taken  a  fourth  class,  be  reduced  by  21.* 

2nd.  If  a  student  be  successful  in  more  than  one 
subject  at  an  examination,  the  payments  on  account 
of  such  further  subjects  are  reduced  by  one  half. 

3rd.  When  on  this  scale  they  would  amount  to 
more  than  60/.  the  excess  up  to  40/.  is  diminished  by 
one  quarter,  the  excess  above  40/.  by  one  half.  Thus 
payments  which  on  the  above  scale  would  be  100/.  and 
150/.  will  be  reduced  to  90/.  and  115/.  respectively :  f 
— provided  that  the  student  has  received  25  lessons  J 
at  least  from  the  teacher  in  each  subject  in  which  he 
claims  payment  since  the  last  examination,  each 
lesson  being  an  attendance  at  a  meeting  of  the  school 
of  at  least  three-quarters  of  an  hour's  duration  on  a 
separate  evening.     The  25  lessons  need  not  neces- 

♦  Deductions  will  be  made  in  payments  on  account  of  Sub- 
ject I.  to  the  amount  of  any  payments  that  have  been  made  on 
Second  Grade  Examinations  in  Art,  in  practical  geometry,  per- 
spective or  mechanical  drawing, 

t  Thus,  100,  that  is  60+40,  is  reduced  to  60+40— :J  of  40 
=  60+30=90.  150,  that  is,  60  +  40  +  50  is  reduced  to 
60+30+25=115. 

J  It  must  be  clearly  understood  that  the  number  (25)  of  lessons 
which  the  teacher  is  required  to  give  is  the  minimum  fixed  as  a 
criterion  that  the  pupil  has  received  his  instruction  from  the 
teacher.  It  is  not  meant  in  any  way  to  specify  that  that  amount 
of  instruction  is  sufficient,  or  to  guarantee  the  teacher's  receiving 
payment,  if  that  amount  of  instruction  alone  is  given. 
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sarily  be  all  given  in  one  year,  but  may  extend  over 
a  longer  period. 

^'pa^'Lent"'        ^^^'  '^^^  ^^^'"^  ^^  a  master  for  the 
or  aymen        payments  under  these  several  heads  is 

made  on  Science  Form  No.  51,  which  will  he  sent 

on   application.      The  voucher    must  be  signed  by 

the  secretary  and  two  members   of  the   committee 

of  the  science  class  or  school;   or  by  at  least  three 

of  the  committee.     (See  Appendix,  page  24.) 

|chooi  XX.  A  school  register  must  be  kept 

^  ^^'  in  each  subject  on  a  form  which  will  be 
supplied  on  application.  This  must  be  made  up  from 
day  to  day,  and  will  be  examined  and  approved  by 
the  Inspector  on  his  visit.  It  must  be  sent  to  the 
Department  with  the  teacher's  claim  for  payment, 
and  no  payment  can  be  made  unless  it  is  properly 
kept. 

Grents  for  XXI.  A  grant  towards  the  purchase  of 

pparatufc  apparatus,  diagrams,  &c,,  of  50  per  cent, 
on  the  cost* of  them,  is  made  to  science  schools  and 
classes  in  Mechanics'  and  similar  institutions  where 
the  teacher  is  certificated,  and  to  the  extent  of 
5/. » to  other  poor  schools  and  classes.  A  requisi- 
tion must  in  these  cases  be  made  on  Science  Form, 
No.  49.     (See  page  30.) 

Travellings^        XXII.  The    travelling  expenses  (se- 

Tcachere/  cond-class  railway  fare,  and  10^.  per 
diem  personal  allowance)  of  a  candidate 
in  attending  the  November  examination  are  paid  if 
he  be  successful  in  taking  a  certificate  or  in  improving 
the  grade  of  one  he  has  already  taken,  provided  the 
candidate  is  bona  fide  engaged  in  tuition,  or  is  pre- 
paring for  tuition. 

Tns^dction  in         XXIII.  All  payments  to  certificated 

an  Elementary      ,,  *./»o«  .  i- 

School.  teachers  on  account  of  science  teaching 

are  made  by  the  Science  and  Art  De- 
partment, and  are  only  made  in  respect  of  a 
school  in  connexion  with  the  Science  and  Art  De- 
partment.    No  such  payments  are  made  in  respect 
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of  any  instruction  in  Science  that  may  be  given 
during  the  three  attendances  of  an  Elementary 
School  receiving  aid  from  the  Education  Department, 
Whitehall. 

XXIV.   These  grants  are  only  made  ^^^^ 
while  the  teacher  is  giving    instruction   scho^*'^ 
in  a  day   or   evening    school   or    class  i^remises. 
for   the    industrial    classes    (adults    or 
boys),  approved  by  the.  Science  and  Art  Depart- 
ment, and  open  at  any  time   to  the  visit  and  in- 
spection   of  its    officers.      The    Managers    of   an 
Elementary   School    under    the    inspection  of   the 
Education  Department  can  permit  their  premises  to 
be  used  for  Science  teaching,  provided  that  no  in- 
terference be  allowed  with  the  primary  purposes  of 
such  Elementary  School,  or  in  any  way  with   the 
three  attendances  of  the  Elementary  School. 

JV.jB. — On  the  next  page  will  be  found  a  table  of 
memoranda  Jbr  the  use  of  Secretaries  and  Mem- 
bers  of  Science  Committees  {Science  Form, 
No,  170)  which  it  is  expected  will  be  carefully 
attended  to.  This,  as  well  as  the  other  forms 
given  in  the  Directory,  can  be  had  on  appli- 
cation to  the  Secretary,  Science  and  Art 
Department. 
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APPENDIX 


SCIENCE  FORM,  No.  170. 

MEMORANDA   FOR   THE    USE   OF    SECRETARIES   AND 
MEMBERS  OF  SCIENCE  COMMITTEES. 
Dates. 


Before  30th  Novem- 
ber. 
Constantly  -    -    - 

Before  1st  January 
Before  31st  March 
Before  24th  April - 
On  the  27th  April 


During   the    May 
examinations. 


On  the  evening  of 
examination. 


After  the  May  ex- 
aminations. 


Formation  of  Committee,  Form  No.  88.     Or  con- 
tinuation of  Committee,  Form  No.  168. 
To  visit  the  School  and  see  that  the  Register  is 
kept  from  day  to  day,  and  that  everything  is 
regular. 
To  carefully  fill  in  and  send  to  the  Department 

Form  No.  120. 
To  send  Form  No.  119  applying  for  examination  in 

May. 
To  see  that  Form  No.  91  is  hung  up  in  the  School- 
room. 
If  a  parcel  containing  (1)  the  papers  for  the  candi- 
dates to  work  upon,  (2)  copies  of  Form  No.  91, 
one  for  each  day's  examination,  and  (3)  envelopes 
in  which  to  rdiurn  the  worked  papers,  should  not 
have  been  received,  or  if  there  ahauld  be  any 
mistake  in  the  numbers  sent  for  eacH  subject  as 
applied  for,  or  in  the  covering  letter,  to  communi- 
cate at  once  to  the  Department. 
The  examination  papers  for  each  evening  will  leave 
London  by  the  night  mail  two  evenings  before, 
i.e.,  Thursday  evening  papers  will  leave  6n  Tues- 
day evening,  Friday's  on  Wednesday  evening, 
etc.     Should  they  i^ot  arrive  accordingly,  a  tele- 
gram to  be  sent  at  once  to  the  Department. 
The  candidates,  being,  idl  seated  at  Q.50,  to  read 
out  the  rules  on  Form  No.  91,  then  give  out  the 
papers  to  be  worked  on.    Then  at  6.55  to  break 
the  seal  of  the  examination  papers  and  distribute 
to  the  candidates.    To  adhere  rigidly  to  the  rules 
on  Form  No.  91.    To  sign  Form  No.  91.    To 
seal  up  the  papers  in  one  of  the  envelopes  pro- 
vided and  at  once  post  them. 
On  receiving  lists '  of  the  results  to  give  one  copy 
to  each  candidate  whose  name  appears  in  it  as 
being  successful ;  to  inform  the  others  they  have 
failed. 
To  retinrir  Form  No;-i6^t  filled  up  as  soon  as  pos- 
sible in  strict  accordance  with  the  rules  on  Form 
No.  110.  (Prize  List).   To  return  Form  No.  123. 
To  examine  and  certify  Teacher's  claims  for  pay- 
ment. Form  No.  51,  and  the  School  Register, 
which  must  be  sent  up  at  the  same  time.    To 
return  Form  No.  108. 
To  keep  a  record  of,  and  inform  the  Department 
of  the  number  of  individuals  examined. 
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EXHIBITIONS  AND  FREE  ADMISSIONS  AT  THE  ROYAL 
SCHOOL  OF  MINES,  LONDON. 

Royal  Exhibitions. 

1.  There  are  eight  Royal  Exhibitions  to  the  Royal  School  of  Mines, 
Jermyn  Street,  of  the  value  of  50/.  per  annum,  entitling  the  holders  to 
free  admissions  to  all  the  lectures,  and  to  the  Chemical  and  Metallurgical 
Laboratories  at  the  Royal  School  of  Mines,  to  be  held  from  year  to  year 
for  three  years,  on  the  condition  that  the  holder  attends  the  lectures 
regularly  during  those  years,  and  passes  the  examinations  required  for 
the  associateship  of  the  School. 

At  the  May  1866  examination  two  of  the  above  Royal  Exhibitions 
will  be  open  for  competition  independently  of  the  prizes,  &c.  offered  by 
the  Science  and  Art  Department. 

All  persons  over  21  years  of  age,  excepting  artisans,  and  such  as  come 
within  the  categorv  of  persons  paid  upon  under  the  Science  Directory, 
will  be  excluded  from  competing  for  the  Royal  Exhibitions.  Special 
cases,  however,  must  be  determined  according  to  the  spirit  of  the  rules, 
and  the  object  of  the  endowment. 

The  competition  for  the  Royal  Exhibitions  will  be  determined  by 
affixing  the  following  values  to  the  several  results  of  the  May  examina- 
tion (see  Science  Directory),  viz.: — 


To  a  l8t  grade  Qu6en*s  Prize,  in  any  subject    - 

To  a  2nd    „ 

ToaSrd    „'            ,     „                       „ 

Toa4th    „          -          -          .          „ 

To  a  5th   „'          -          -          .         „ 

-   ©marks. 

and  in  addition — 

Foragoldtnedal 
Pop  a  silver  medal 
Pop  a  bronze.medal 

" 

M 

-10     „ 

-  7     „ 

-  6      ., 

N.B.— Science  Certificated  Teachers  may  compete  for  the  Boyal  Exhibitions.  When 
coming  up  simply  with  this  object,  they  should  inform  the  Science  and  Art  Department, 
so  that  their  names  may  not  appear  in  the  published  list  with  the  students. 

Free  Admissions. 

2.  Free  admissions  to  the  lectures  at  the  Royal  School  of  Mines, 
Jermyn  Street,  are  granted  to  any  person  who  takes  a  gold  medal  in  the 
May  Examination. 
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EXHIBITIONS  AND  FREE  ADMISSIONS  AT  THE  GOVERN- 
MENT SCHOOL  OF  SCIENCE,  DUBLIN. 

Royal  Exhibitions. 

1.  There  are  ten  Royal  Exhibitions  to  the  Government  School  of 
Science,  Dublin,  of  the  value  of  50/.  per  annum,  entitling  the  holders  to 
free  admission  to  all  the  lectures  and  the  chemical  and  metallurfficsl 
laboratories  at  the  Government  School  of  Science,  Dublin,  to  be  hdd 
from  year  to  year  for  three  years,  on  the  condition  that  the  holder  attends 
the  lectures  regularl)r  during  those  years,  and  passes  the  examinations 
required  for  the  assodateship  of  the  school. 

At  the  Mav  1866  Examination  three  of  the  above  Royal  Exhibitions 
will  be  open  for  competition,  independently  of  the  prizes,  etc.  ofered  by 
the  Science  and  Art  Department. 

All  persons  over  21  years  of  age,  excepting  artisans  and  such  as  come 
within  the  category  of  persons  paid  upon  under  the  Science  Directory, 
will  be  excluded  from  competing  for  the  Royal  Exhibitions.  Special 
cases,  however,  must  be  determined  according  to  the  spirit  of  the  rules, 
and  the  object  of  the  endowment. 

The  competition  for  the  Royal  Exhibitions  will  be  detenoined  hj 
affixing  ike  following  values  to  the  several  results  of  the  May  Examinso 
tion  (see  Science  Directory),  viz. : — 

To  a  Ist  grade  Queen's  Prise,  in  any  snl^eot,  9  muks. 

To  a  2nd.    »             »  »  7  „ 

ToaSrd .  „            ,.  '                   i.  8  •» 

Toa4th     n  M  S  » 

To  a  6th .    M     .  w  .  ^  H 
Midinaddiliion— 

For  a  gold  medal.  »  10  » 

Porasilyermedal  „  7  m 

Pop  a  bronze  medal*  n  ^  »» 


N.B.— Science  Certificated  Teachers  may  compete  for  the  Royal  EzhiUtionB.  When 
ttttins  up  simply  with  this  object  they  should  ihfoim  the  Science  and  Art  Department* 
I  that  their  names  may  not  appear  in  the  published  list  with  the  students. 


Frbb  Admissions. 

2.  Free  admissions  to  the  lectures  at  the  Govermnent  School  of  Science, 
Dublin,  are  granted  to  any  person  who  takes  a  gold  medal  in  the  May 
Examination, 
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Form  of  Application  .  foe  tfa^  Royal  Exhibitions  to  the  Royal 
School  of  Mines»  Jermyn  Street,  London,  and  the  Government 
School  of  Science,  Dublin.' 

The  following  candidates  at  the  reoent  May  ExAminationa  are  candi- 
dates for  the  Royal  Exhibitions  at  the* 


and  they  are  either — 

1.  Under  21  years  of  age. 

2.  Or  artisans  or  operatives  in  the  receipt  of  weekly  wages,  supporting 

themselves  by  their  own  manual  labour,  or  their  children  not 
earning  their  own  livelihood. 

3.  Or,  although  not  artisans,  yet  such  as  may  fairly  be  considered  as 

belonging  to  the  industrial  classes,  as  coming  within  one  of  the 
foUowing  categories,  or  being  the  children  of  such. 

a.  Though  paid  at  longer  intervals  than  a  week,  still  supporting 
himself  by  his  own  manual  labour  and  not  by  profit  on  the  labour 
of  others,  that  is,  not  employing  apprentices,  journeymen,  etc. 

6.  Though  not  supporting  himself  by  manual  labour,  yet  being 
of  the  sam£  fneans  and  social  level  as  those  who  do  so,  (such  as 
shopkeepers  who  have  only  petty  stocks  and  employ  no  one  but 
members  of  their  own  family,)  policemen,  coast-guards,  etc. 

e.  Though  not  supporting  himself  by  manual  labour,  vet  such 
as  it  would  be  unreasonable  to  expect  to  pay  the  fee  of  middle 
class  students,  as  some  descriptions  of  clerks,  shopmen,  etc.,  and 
we  certify  that  they  or — ^in  case  they  are  not  earning  their  own 
livelihood— their  fathers  are  not  assessed  to  the  income  tax. 

4.  That  they  are  entitled  to  be  considered  as  a  special  case  on  the 

following  grounds : — 


We  hiereby  certify  that  the  above  particulars  are  correct. 

Chairman  or  Secretary, f 

r7V?o    members  qf  the 

\  Committee, f 

*  After  each  name  must  be  stated  all  the  successes  of  the  candidate  at  the 
May  Examinatioos  and  the  category  Under  which  he  claims. 

t  Should  the  candidate  not  have  been  a  student  in  any  Science  Fobool  or 
Class  under  a  regular  constituted  Committee,  this  voucher  must  be  certified 
by  three  householders  whose  occupation  and  address  must  be  given  in  fuU^ 
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8CIBNCE  FOEM,  No.  88. 


LOCAL  COMMITTEES  FOR  SCIENCE  SCHOOLS 
AND  CLASSES. 

1.  A  Local  Committee  of  not  less  than  five  well-known  responsible 
persons  must  be  formed  in  connexion  with  every  Science  class,  in  order 
to  comply  ynth  the  necessary  requirements  of  the  Science  and  Art  De- 
partment, and  to  carry  out  various  arrangements  on  its  behalf  necessarv 
for  testing  the  efficiency  of  the  science  instruction,  on  the  proof  of  which 
idone  the  aid  of  the  Department  is  given. 

2.  The  gentlemen  proposed  to  act  on  this  Committee  are  to  fill  in  the 
form  on  me  next  page,  stating  their  willingness  to  carry  out  the 
necessary  arrangements  for  examinations,  &c.,  and  giving  the  address 
and  occupation  of  each  member. 

3.  The  relation  of  the  Committee  to  the  teacher  of  a  Science  school  or 
class  will  vary  much  according  to  the  varying  circumstances  of  different 
localities.  In  some  places  where  the  demand  for  science  instruction  is 
great,  and  there  is  an  energetic  looal  teacher  to  take  advantage  of  it,  the 
chief  duty  of  the  Local  Committee  may  be  to  give  the  teacher  the  ' 
necessary  vouchers  for  obtaining  his  payments.  While  in  other  places, 
where  those  who  take  an  interest  in  and  wish  to  further  science  instruc- 
tion may,  with  that  object,  subscribe  to  and  establish  scientific  classes 
either  in  connexion  with  an  existing  institution  or  not,  and  may  engage 
a  teacher  certificated  in  science  to  instruct  the  classes,  the  teacher  must, 
to  a  great  extent,  be  the  paid  officer  of  the  Committee.  Wit^  these  local 
arrangements  the  Science  and  Art  Department  does  not  interfere,  but 
leaves  them  to  the  locality  to  settle.  The  local  circumstances  will  de- 
termine whether,  as  in  the  first  case,  the  master  receiving  the  whole  of 
the  fees  for  instruction  should  provide  at  his  risk  the  room  for  instruc- 
tion, with  the  necessary  firing,  lighting,  jkc,  or  what,  as  in  the  second 
case,  should  be  the  proportion  of  the  fees  deducted  on  this  account  by  the 
Committee. 

4.  The  Science  and  Art  Department  requires  that  the  Local  Committee 
shall- 

a.  Be  responsible  for  the  safe  custody  of  all  apparatus  towards  the 
purchase  of  which  the  Department  has  paid  60  per  cent. 

b.  That  they  shall  proidde  a  room  or  rooms  of  sufficient  size  to  carry 
out  the  annual  examination  according  to  the  detailed  regulations 
under  that  head.  This  examination  is  of  aM  persons  who  wish  to 
present  themselves,  and  not  only  of  those  taught  by  the  certifi- 
cated teacher ;  but  those  persons  who  are  not  taught  by  the  certi- 
ficated teacher  must  send  in  their  names  before  the  1st  March,  and 
may  be  required  to  pay  a  registration  fe6  of  2$.  6d.  for  the  whole 
examination. 

e.  That  a  school  register,  showing  the  attendance,  number  of 
lessons,  pavment  of  fees,  &c.,  on  an  approved  form,  be  kept 
properly  filled  up,  and  sent  to  the  Science  and  Art  Department 
when  required. 

d.  That  they  shall  send  in  to  the  Secretary  of  the  Science  and  Art 
Department  the  list  of  students  to  be  examined,  before  the  end  of 
March,  specifying  the  subjects  in  which  they  are  to  be  examined. 
That  they  shall  be  responsible  for  conducting  and  superintending 
the  examination :  giving  out  the  examination  papers  whidi  will  be 
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sent  for  thai  purpose :  seong  them  worked  hMf  an'deeHifying 
to  the  same,  not  less  than  turee  of  the  Committee  bein^^'  always 
present :  and  sending  the  worked  papers,  under  seal,  by  the  day^s 
post  to  the  Secretary  of  the  Science  and  Art  Department. 
e.  That  they  shall  certify,  firstly,  that  those  students  on  whose  ex- 
amination the  teacher  bases  his  claim  to  payments  on  results,  are 
artizans  or  operatives,  or  their  children,  or  can  claim  as  such  (see 
Science  Form,  No.  61) ;  and,  secondly,  that  they  have  recaved  25 
lessons  at  least  from  the  teacher  in  the  year  or  since  the  last  exami- 
nation^  on- their  passing  at  which  payment  was  claimed  on  their 
account. 

5.  The  Science  school  or  class  must  be  at  all  times  open  to  the  visit 
and  inspection  of  the  officers  of  the  Science  and  Art  Department  as  a 
condition  to  the  grant  of  aid  from  it ;  if  at  any  time  it  is  found  that  the 
apparatus,  &c.,  towards  the  purchase  of  which  a  grant  has  been  made  is 
not  properly  taken  care  of,  or  that  a  proper  room  with  firing,  lighting,  &c., 
is  not  provided  for  the  class,  the  aid  of  the  Department  will  be  with- 
drawn. 

Note.~Ab  it  is  to  the  Committee  that  the  Department  looks  to  cany  out  the 
great  proportion  of  the  duties  of  the  school,  as  many  as  possible  of  the  mem- 
bers  or  the  Committee  should  attend  on  the  inspector's  visit. 


FoBX  of  Appuoation  to  act  as  a  Committee  for  a  Science  School  or  Class. 
We  the  undersigned, 

[/.  The  Committee  shall  be  composed  entirely  of  well-known  responsible  persons 
of  position  who  are  quite  independent  or  the  school  or  class,  aiid  who  luw^ao 
such  personal  interest  in  it  as  can  lay  them  open  to  the  slightest  suspicion  of 
partiality ;  and  of  course  no  member  should  be  connected  with  the  Teacher 
have  any  pupils  for  examination,  or  be  a  pupil  himself. 

g.  It  Is  very  destnble  that  as  man^  persons  asi^ossible  in  recognized  positions  of 
public  responsibility  in  the  district,  such  as  Magistrates,  Municipal  Autho- 
rities (Hvor*  Aldertnen,  or  Town  CounciKorB)7Head(/  Educational  ^tab- 
lishments  (Trustees  of  Grammar  Schools,  Managers  of  National  School^, 
Clergymen,  &c.,  should  be  on  the  Committee. 

h.  It  is  absolutely  necessary  that  at  least  two  such  responsible  persons  should 
agree  to'act. ' 

t.  TbB  Vommittee  must  consist  of  a  Chairman,  Secretary,  and  at  least  three  other 
'  Members. 

k.  The  Chairman  must  be  a  Magistrate,  Mayor,  Boroughreeve,  Provost,  or  Alder- 
man, or  other  public  officer  of  recognized  position.  Trustee,,  of  ^G^ranmar 
School,  or  Clergyman  of  the  Established  Church  in  parochUt  Employment. 

{.  The  Chairman  of  the  Committee  wiUiinflDmnMyAJorCIa  aat«rt)i«^tonstitution  of 
the  Committee  being  in  accordance  with  these  requirements. 

m.  The  Secretary  of  the  Committee  of  the  Science  School  or  Class,  as  bdiig  the 
medMuLOf  ^communioation,  will  carry  on  all  correspondence  wiflb  thte«oience 
and  Art  Department,  and  is  held  responsible  for  making  .ottt  ap4>«m(Uli(r>all 
returns  required,  for  the  receipt  ana  distribution  of  the  examination  papers, 
the  transmission  of  the  worked  papers,  Ac.,  at  the  proper  times  according  to 
the  regulations ;  and  in  eensequence  -of  the  necessary  demands  on  his  tmie 
and  trouble  My  Lords  have  sanctioned,  provisionally,  the  pfmnent  to  him 
of  the  following  fees :— 12.  annually  for  furnishing  the  returns,  &c.  specified  on 
Science  Form,  No.  170,  connected  with  any  Science  school  or  class,  and  11.  in 
addition  for  eaehida^a  examination  held  by  the  Committee  to  which  he  is 
Secretary.  The  Secretary  must  be  a  member  of  the  Committee;  the  require- 
ments in  par.  1  apply  equally  to  him. 

91.  This  form  is  to  be  nlied  iu  and  returned  to  the  Department  annually  befoie  the 
15th  December,  except  in  the  case  of  new  schools  or  classes,  when  it  should 
be  nAde  as  soon  as  they  are  formed*] 

propose   to    act  as  the    Local  Committee  for  the  Science  Class  held  at 
and  taught  by __________»«-..._«- 
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We  nndenaktf  for  tlie  year  at  least,  an^  Airtber  till  another  Committee 

sads&ctory  to  the  Science  and  Art  Department  baa  been  appointed, 

1.  To  be  responsible  for  the  safe  eastddj  of  all  the  Apparatus,  Dia- 
grams, &c.,  towards  the  purchase  of  which  the  Department  has  in  any 
way  contributed. 

2.  That  three  or  more  of  our  number  will  be  ready  at  the  appointed  time 
to  be  present  at,  and  superintend,  the  examinations  of  the  Science 
Class  according  to  the  instructions  of  the  Science  and  Art  Depart- 
ment, and  give  the  teacher  the  neeessary  vouchen. 

3.  That  a  room  or  rooms  shaU  be  provided  for  the  due  carrying  out  of 
such  examination,  according  to  the  rules  of  the  Department,  proyiding 
sufficient  space  for  the  examination,  not  only  of  all  persons  taught  by 
the  certificated  teacher,  but  of  all  others  who  may  wish  to  attend  the 
examination. 

(A  fee  of  not  more  than  28.  M.  may  be  charged  on  each  applicant  for 
examination  who  is  not  a  student  in  the  class,  to  reunburse  the  Committee  in 
any  extra  expenses  they  may  be  put  to  in  providing  a  room). 

4.  That  the  School  or  Class  shall  be  open  at  any  time  to  the  visit  and 
iospeetion  of  the  Officers  of  the  Science  and  Art  Department 


BiavAstxrax, 

Address. 

how  fulfilling  the  conditions 
of  ••  g:*  and  "  Jfc."  above. 

. 

Chairman. 

Secretary, 

I  certify  that  this  Committee  complies  with  the  requirements  of  the  roles 
1,  2,  3,  4,  and  5. 


The  Secretary, 

Science  and  Art  Department. 

This  form  may  be  had  on  application  io  the  Secretary ^  Science  ami  Art 
Department^  South  Kensington, 


SCIENCE  FORM,  No.  168. 

Where  the  same  Committee  proposes  to  act  again  it  will  not  be  neces- 
sary to  re-sign  the  above.  No.  88,  but  only  to  hold  a  meeting  and  fill  up 
this  form.  No.  168,  which  may  be  had  on  application. 
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SCIENCE  FORM,  No.  88  a. 

LOCAL  COMMITTEES  FOR  SCIENCE  SCHOOLS  AND  CLASSES 
NOT  RECEIVING  AID  FROM  BUT  EXAMINED  BY  THE 
SCIENCE  AND  ART  DEPARTMENT. 

This  Form  is  a  modification  of  the  previoiu,  No.  88.,  and  may  be  had  on 
application  to  the  Secretary,  Science  and  Art  Department,  South  Kentington. 


SCIENCE  FORM,  No.  120. 


SCIENCE  CLASSES  UNDER  CERTIFICATED  TEACHERS. 
Annual  Refobt  of  Science  School  on  Class, 

To  be  made  on  its  estabUshment,  and  annually  (before  the  1st  January)  of  its 

continuation.  --  •  '  ^ 

Name  of  To^n ■     .7 

Place,  as  Mechanics'  Institution,  &c.,  in  which  the  Classes  are  held 

Name  of  Street,  No.,  &c. ; 


Name  of  Teacher  or  Teachers^ 
Their  private  addresses 


Total  No.  of  individual  Students  _ 


(If  a  student  attends  two  or  more  classes  he  must  only  bo  counted  as  one  student.) 


GX.AB89S  IN  ^ 

(state  subject). 

Fees. 

Naof 
Students. 

Days  on  whioh 
they  meet. 

Hours  of 
Meetmg. 

Period  of  the  Year 

duriuK  which 
the  Glasses  continue. 

►4 

Names  op  Seobetabt  and  Mehbebs  op  the  Committee. 

(The  undertaking  on  Science  Form,  No.  88,  is  for  the  year  at  least,  and  further  till 
another  Committee  satislkctory  to  the  Science  and  Art  Department  has  been  appointed. 
This  Form,  No.  88,  must  therefore  be  filled  in  and  sent  to  the  Department  annually 
when  the  class  recommences,  except  in  those  oases  in  which  the  whole  of  the  Committee, 
wishing  to  continue,  formally  authorize  the  Chairman  and  Secretary  to  report  to  that 
effect-  It  will  then  only  be  necessary  for  new  members  to  sign  the  form  undertaking  to 
perform  the  rarious  duties.) 


Digitized 


byGoogk 


22 


niAxl 


TIAX  '^'} 


£ 


& 


*niD3)g 


nxx 


-*-*•     -«8lA«JJ  [1U9U90 


'XIX  I 


lAX 


•XuBijoa  aimon 


AX 


'iOioioo^ 


AIX 


'XSoio 


nix 


'i£Soi«i9ai]([ 


•IIX 


•IX 


X 


•XI 


inA 


•IIA 


lA 


•AI 


*X9oioao 


-siraaqo  aravSjo 


'Xl!|8lUX 

-oqQ  ani«kioTi][ 


pira  mspai 


•sow 


'sopivqo 
•opi  iwoinaioeqi 


*8op«m 


*89p«ni9q!( 


•TTT  -UOUOtUiJS 

^A^  -uoo    anpntia 


•n 


•ani 
-juvjdomqoiipi 
pira  pK>iiinni9e]f 


9AI<)<iUi>89(IpiR 


/"»*-\  /-»*-\  ^ 


II 


II 


d 


8 
I 


i 


I 
a 

I 
I 

s 

I 


g  ►. 

*°  s 

2-S  2 
§^l 

«e    C3  o 
l-S  I 

Q^OQ  S   « 

1^^  I 
2^  *  * 

sill 

iiil 
IP  I 

■S||f 


a 

CO 


I 


SQ 


Digitized 


byGoogk 


23 


FORM  No.  363. 

The  fbUowing  firm,  whkh  mtnf  be  had  on  applknUkm  to  the  Seeretanf,  Science 
and  Art  DqKtrtment,  ia  fiOed  up  in  italics  as  an  example  of  the  manner  in 
which  it  should  be  done. 

As  AcGOUin?  OF  TBAvsLLiNa  AND  Fbrsokal  Expenses  disbursed  and 

OHABOKD  BT 

Thomas  Jones, 
From  the  2nd  November  1860,  to  the  4th  November  I860. 


I  hereby  eerdfy  that  the  trayeUing  ex^iaieA  detailed  below  have  been  ac- 
tuail  J  disbursed  by  me  in  traTelling  in  the  ezeeution  of  my  public  duties,  that 
the  personal  expenses  are  charged  according  to  the  regulations,  and  that  the 
total  sum  of  J£l  IZs.  Sd,  is  due  to  me  for  the  services  stated. 

Thomas  Jones^ 

[Name  and  title  of  officer  to  be  specified.] 

Teacher  qf  Chemistry  in School  of  Brighton. 


Date 

upon  which  the 

services  were 

Perfurined. 


4S60. 

9nd  November, 
srd  November, 
4ith  November. 


In  this  column  must  be  stated  the  seryioe  on  aocoimt  of 

which  the  journeys  were  performed,  and  the 

details  of  the  expenses  incurred. 

To  attend  examination  in  Chsmistry  held  at 
South  Kensington  on  srd  November  iS6o. 

Baikoay  fare  from  Brighton  to  London 
{end  Class) o   6   6 

Omnibus  fare  to  and  from  Charing  Grots  and 
South  Kensington o   o   3 

MaUwa]f  fare  from  London  to  Brighton       '   o   6   6 

ada/tftf  personal  aUowanee  at  ios.      ..... 


Total 
AMonirr. 


0    iS  % 
4    0    0 


'Slfna.—Shouldthesueoes^eandidateUoein London, Edinburgh,^,  ornearenough^ 
to  get  homeat  night,  he  is  omu  to  be  allowed  ss.perdiem  besiOeshis  travelling  expenses. 

Examined  and  approved. 


Secretaiy. 


Beceived  this_ 


-ponnds- 


.day  of_ 


-shiUingB  and. 


.18        ,  ilie  sum  of 
peace,  in  payr 


ment  of  the  above  amount 
£ ; 
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6CIENCB  FORM  Na  51. 

SCIENCE  AND   ART   DEPARTMENT   OF  THE  COMMITTEE  OS 
COUNCIL  ON  EDUCATION,  SOUTH  KENSINGTON. 


Application  from 

School  or  Institution  at_ 


,  Science  Teacher  in 


Jbr  payment. 


On  behalf  of  the  Committee  of  Management  of  this  School,  We  do  hereby 
certify . — 

,   (1).  That  Mr. has  duly  performed  the  various  duties 

derolying  upon  him  as  a  Science  Teacher  in  the  School,  dnriag  the 

ending day  of 186    . 

(2).  That  he  has  given  the  following  Students  at  least  25  lessons  during 
the  year,  or  since  the  last  examination  at  which  payment  was  claimed 
on  their  account,  in  each  subject  for  which  payment  is  claimed. 
(3).  That  the  under-mentioned  students  are  artizana  or  operatives  *  in  the 
receipt  of  weekly  wages,  supporting  themselves  by  their  own  manual 
labour ;  or  their  children  not  earning  their  own  livelihood. 

Secretary. 

1  Two  mem- 

\     hers  of 
J  Committee. 


I  hereby  certify  that  the  following  particulars  are  correct 


.Teacher. 


Kambs  ot  passed  Abtizait  or  Operatitb  Stuosmts.* 

N.B.— The  n»mes  of  the  students  must  be  arranged  alphabetically.  After  each  stu* 
dent's  name  must  be  placed  his  several  successes  (if  he  has  more  than  one) ;  and 
in  the  last  column  the  amount  claimed  on  each  success  after  making  the  proper 
deductions. 


Surname. 

Christian 

Name  in 

full. 

Trade,  or 

father's  trade. 

(State  which 

is  given). 

Position  at 

the  late 
Examination. 

Highest  Position 

in  same  SuMect 

at  any  previous 

Examination. 

Psy. 

ment 

cUdmed. 

Subject  1  Orade. 



&c. 

*  Should  the  Teacher  have  instructed  any  Students  who  mur  Mrly  be  considered  to 
belong  to  the  industrial  classes,  but  whose  wages  ire  paid  at  longer  intcarvals  than  a 
week,  or  who  do  not  support  themselves  bjr  th^r  own  manual  labour,  the  claims  on 
their  account  must  be  made  by  the  Oommittee  of  the  school  on  the  form  on  page  8» 
when  they  will  be  considered  on  their  merits. 
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On  behalf  of  the  Committee  of  the  School^  We,  the  undersigned,  beg  leave 

to  reconmiend  that  the  Teacher,  Mr . be  allowed  to 

claim  the  allovrances  on  the  following  students,  whom  we  consider  may  fairly 
be  taken  as  belonging  to  the  industrial  classes,  as  coming  within  one  of  the 
following  categories,  or  being  the  children  of  such. 
a.  Though  paid  at  longer  intervals  than  a  week,  still  supporting  himself  by 
his  own  manual  labour  and  not  by  profit  on  the  laoour  of  others,  that 
is  not  employing  apprentices,  journeymen,  &c. 
If.  Though  not  supporting  himself  by  manual  labour,  yet  being  of  the  same 
means  and  social  level  as  those  who  do  so  such  as  shopkeepers  (who 
have  only  petty  stocks  and  employ  no  one  but  members  of  their  own 
family),  policemen,  coast-guards,  &c. 
c.  Though  not  supporting  himself  by  manual  labour,  yet  such  as  it  would 
be  unreasonable  to  expect  to  pay  the  fee  of  middle  class  students,  as 
some  descriptions  of  clerks,  shopmen,  &c. 
We  certify  to  the  best  of  our  belief— 
{W  That  he  has  given  them  (25)  lessons  at  least  during  the  year,  or  since 
the  last  examination  at  which  payment  was  claimed  on  their  account, 
in  each  subject  for  which  payment  is  claimed. 
(2).  That  they,  or — in  case  they  are  not  earning  their  own  livelihood — their 

£kthters  are  not  assessed  to  the  income  tax. 
(3).  That  the  following  particulars  on  which  the  Teacher  grounds  his 
application  are  correct. 

Secretary. 

1  Two  mem- 

I     hers  of 

J  Ommittee. 


I  hereby  certify  that  the  following  particulars  are  correct 


-Teacher. 


Names  OF  Passed  Students  cLAmma  as  Industrial  Classes. 

N.B.— The  names  of  the  students  must  be  arranged  alphabetically.  After  each  student's 
name  must  be  placed  his  several  successes  (if  he  has  more  than  one) ;  and  in  the  last 
eolmnn  the  amount  elaimed  on  each  success  with  the  proper  deductions. 
Under  the  names  of  students  in  category  "c"  a  line  must  be  drawn. 


Surname. 

Christian 

Name  in 

full. 

i 

Trade,  or 
father's  trade. 
(State  which 

is  given). 

Position  at 

the  late 

Examination. 

Highest  Position 

in  same  subiect 

at  any  previous 

Exammation. 

Pay. 

ment 
churned. 

Sabjret.  1    Grade. 

&C. 

The  Secretary, 

Science  and  Art  Department 


(The  following  particulars  will  be  filled  up  at  South  Kensington.) 
Examined  and  found  correct  to  the  extent  of 


Approved. 


_day  of__ 
_day  of  _ 


_186 
.186 
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[SPXCIMXN*] 

Science  Form,  No.  51. 
South  KensiDgton,  July  1865. 

SCIENCE  AND   ART   DEPARTMENT   OF  THE  COMMITTEE  OP 
COUNCIL  ON  EDUCATION,  SOUTH  KENSINGTON. 

Application  from  John  Smith,  Science  Teacher  in  the  Science  School 
or  Institution  at  Midhurst  for  payment. 


On  behalf  of  the  Committee  of  Management  of  this  School^  We  do 
hereby  certify : — 

(I.)  That  Mr.  J,  Smith  has  duly  performed  the  various  duties  de- 
volving upon  him  as  a  Science  Teacher  in  the  School,  during 
the  year  ending  Slst  day  of  May  1865 ; 

(2.)  That  he  has  given  the  following  Students  at  least  25  lessons 
during  the  vear,  or  since  the  last  examination  at  which  pavment 
was  c&mea  on  their  account,  in  each  subject  for  wmcn  pay- 
ment is  claimed; 

(3.)  That  the  undermentioned  students  are  artizans  or  operatives  *  in 
the  receipt  of  weekly  wages,  supporting  themselves  by  their  own 
manual  labour;  or  their  children  not  earning  their  own  livelihood, 

Wm,  Brown,  Secretary, 
r  Two  mem- 


John  Jones, 


<      bersof 


James  Robinson,\^^^^^^^ 

I  hereby  certify  that  the  following  particulars  are  correct. 

John  Smith,  Teacher. 

Names  of  Passed  Abtizan  ob  Opebative  Studehts.* 

N,B>~The  nsmes  of  the  students  must  be  tannged  alphAbetically.  After  each  student's 
name  must  be  placed  his  several  successes  (if  he  has  more  than  one) ;  and  in  the  last 
column  the  amount  claimed  on  each  success  after  making  the  proper  deductiion. 


1 
Surname. 

Christian 
Name 
infUlL 

3| 

Trade,  or 
father's  trade. 
(State  whidi 

is  given). 

Position  at 

the  late 
Examination. 

Highest  Posi- 
tion in  same 
Subject  at 
any  previous 
Hzamination. 

Payment 
claimed. 

8iil^«et. 

Grade 

Adamsy 
Barbery 
SmUhy 

James, 

JolCk  Wm, 
Henry, 

WiXkamy 

22 
14 
12 

Carpewter, 
Butckerif) 
Bak^  if) 

X. 
XL 

xir, 

X. 
XI, 

I, 

l8t 
2nd 
Pass 
1st 

4£h 
\st 

4ih 

&  s, 
6   0 

1  0 
0  10 
0  10 

2  0 
6    0 

*  Should  the  Teacher  have  instructed  any  Students  who  may  fkirly  be  considered  to 
belong  to  the  industrial  classes,  but  whose  wages  are  paid  at  longer  intervals  than  a 
weekf^or  who  do  not  support  themselves  by  their  own  manual  labour  the  claims  on 
their  account  must  be  made  by  the'  Ciommittee  of  the  school  on  the  form  on  page  S^ 
when  they  will-  be  considered  on  their  merits.  - 
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SCIENCE  FORM,  No.  108. 


Application  from Secretaiy  of  the  Local 

Committee  for  the  Science  School  at  Class  at 

for  payment  of  allowance  for  duties  connected  with  the  School,  and  for 
superintending  the  examination. 


Sir, 

Being  entitled  to  payment  according  to  the  regulations  of  the 
Science  '*  Directory,*  **  for  duties  connected  with  the  Science  Class  at 

and  for  superintending  the  arrangements 

for  carrying  out  the  examinations  on the  following  days 

in  May  186    ,  J  request  that  the  sum  of  £ may 

he  paid  to  me,  being  the  authorized  fee. 

Dates  of  Examination.  Dates  of  Examination.  Dates  of  Examination. 


I  am.  Sir, 

Your  obedient  Servant, 
The  Secretary, 

Science  and  Art  Department. 


CONDITIONS^  UNDER  WHICH  Apparatus,  Instruments,  Books, 

&C.    HAY    BE    OBTAINED    BY     SciENCB    SCHOOLS    OR     ClASSRS 

(taught   by  a    Teacher   certificated    in   SciENCE),t  in 
Public  Schools,  Mechanics'  Institutions,  &c. 

1.  The  Lords  of  the  Committee  of  Council  on  Education,  having  had 
under  their  consideration  several  apphcations.from  the  managers  and 
masters  of  Mechanics*  and  other  Institutions,  for  grants  to  be  made  to 
them  of  Apparatus  and  Illustrations,  recommended  by  tae  Science  and 
Art  Department  for  teaching  science,  think  it  necessary  to  adopt  some 
general  principle  which  shall  regulate  the  decisions  of  tne  Committee  in 
reference  to  such  applications. 


•  £1  aataually  Itor  ftimlshing  the  returns,  &c.  specified  on  Science  Porm  No.  170,  con- 
necsted  with  any  Soienoe  school  or  oiaas,  and  £1  in  addition  for  each  day's  examination 
held  by  the  Committee  to  which  he  acts  as  Secretsiy. 

t  Apparatus  not  exceeding  10^.  in  value  may  be  obtained  by  poor  Schools  and  He- 
cbmics*  Institates,  not  taught  by  a  certifical«ed  teacher,  under  the  same  conditions, 
that  is,  the  Department  wilTaid  tiiem  to  th»  extent  of  51. 
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Their  Lordships  have  already  fully  recognized  the  great  importtnoe  of 
practical  science  to  all  classes  of  the  comnoiiniity,  in  all  relations  of  life. 
They  are,  therefore,  desirous  that  the  Science  and  Art  Department  should 
assist,  as  far  as  possible,  in  promoting^  the  distribution  of  diagrams  and 
apparatus  as  the  means  of  accompBshing  this  object;  but  as  the  in- 
discriminate gift  of  these  aids  for  instruction  to  all  applicants  might  load 
to  abuse,  it  is  necessary  to  require  some  guarantee  tnat  they  ivill  be  duly 
appreciated,  which  the  mere  request  to  have  them  does  not  imply. 

The  principle  which  governs  the  whole  proceedings  of  the  Department 
in  all  its  branches  is  to  afford  partial  aid,  and  to  encourage,  but  not 
supersede  public  exertions  in  promoting  education  in  science,  lliey  have^ 
therefore,  resolved  that  the  Department  shall  have  the  power  to  assist 
schools  and  classes  taught  by  a  certificated  teacher  in  Mechanics'  and 
other  institutions  in  purchasing  diagrams  and  apparatus  for  teaching 
science  at  a  reduction  of  50  per  cent,  on  the  net  cost. 

Lists  of  tiie  scientific  diagrams  and  apparatus  prepared  by  the  Depart- 
ment, according  to  conditions  of  the  foUowing  Minute,  may  be  obtained 
of  the  Secretary  of  the  Science  and  Art  Department,  South  Kensington, 
London,  W.  It  should  be  distinctlv  understood  that  the  aid  of  the 
Department  in  purchasing  these  articles  at  a  reduced  price,  if  above  10/. 
in  vatue,  can  be  granted  only  to  public  schools  and  institutions  when 
taught  by  a  certificated  teacher. 

Minute  of  the  23rd  March  1860. 

''  The  Lords  of  the  Committee  of  Council  on  Education  desire  to  afford 
the  greatest  facilities  to  teachers  of  science  and  navigation  schools  in 
obtaining  the  best  instruments,  apparatus,  &c.,  for  giving  instruction  in 
science  and  navigation,  towards  the  purchase  of  which  the  Science  and 
Art  Department  is  authorised  to  pay  60  per  cent,  of  cost ;  and  they  con- 
sider that  the  fullest  opportunities  should  be  given  to  manufacturers  in 
all  parts  of  the  Kingdom  for  supplying  such  apparatus,  &c.  At  the  same 
time  it  is  necessary  that  the  Science  and  Art  Department  should  have 
some  guarantee  that  the  apparatus  and  instruments  are  of  good  quality, 
and  moderate  in  price.  My  Lords  have  therefore  laid  down  the  following 
rules  and  conditions : — 

''  1.  Samples  of  all  articles  on  the  manufacturer's  list  are  to  be  sent  to 
the  Educational  Collection,  South  Kensington  Museum,  for  exhibition, 
where  they  will  be  arranged  separately,  according  to  the  science  for  which 
they  are  intended,  so  as  to  afford  teachers  and  others  facility  in  inspect- 
ing them  and  making  a  choice. 

"2.  The  manufacturer  is  to  supply  priced  catalogues  of  such  articles 
printed  in  demy  8vo.,  in  order  that  the  various  catalogues  may  be  bound 
up  together  and  supplied  when  asked  for. 

"  3.  The  manufacturer  is  to  guarantee  that  the  articles  exhibited  are 
fair  samples  of  those  specified  in  the  priced  catalogue,  and  he  must  engage 
to  take  back  any  article  supplied  to  schools  which  may  be  inferior  to  the 
standard." 

Manufacturers  willing  to  comply  with  these  conditions  are  to  make  a 
statement  to  that  effect,  and  to  send  lists  of  apparatus,  instruments, 
books,  &c.  in  the  following  sciences: — 1.  Practical  plane  and  descriptive 
geometry,  mechanical  and  machine  drawing,  and  building  construction; 
2.  Phjrsics  (mechanical  and  experimental);  3.  Chemist^;  4.  Geology 
and  mineralogy;  5.  Natural  history  (zoology  and  botany,  vegetable  and 
animal  physiology) ;  6.  Navigation  and  nautical  astronomy,  and  physical 
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geography.  If  these  listi  ^nd  prices  are  such  as  can  be  approved  of,  the 
maaufaotiirer  will  be  informed,  and  as  soon  as  possible  on  his  fulfilling 
the  conditions,  his  list  will  be  inserted  in  the  catalogue.  The  catalogue 
ivill  undergo  a  revision  at  least  once  a  year,  when  manufeicturers  may 
send  any  improved  forms  of  apparatus,  &c. 

The  selection  of  the  manufacturer  will  lie  wholly  with  the  Committee 
of  the  school.  On  their  demand  being  sanctioned,  the  manufacturer  will 
receive  instructions  to  supply  the  articles  ppon  his  receiving  the  60  per 
cent,  due  from  the  school. 

On  obtaining  a  receipt  from  the  Committee  of  the  school  (which  is 
included  in  the  form  of  the  requisition)  that  the  articles  have  been 
received,  the  remaining  50  per  cent,  will  be  paid  quarterly  to  the  manu- 
facturer by  the  Department. 

2.  Payments,  including  charge  for  packing,  must  be  made  in  advance 
to  the  agents  on  receipt  of  the  invoice.  The  goods  to  be  sent  at  the  risk 
of  the  purchaser. 

All  communications  to  be  addressed  to  the  Secretary  of  the  Science 
and  Art  Department,  South  Kensington,  London,  W. 

By  Order  of  the 
Committee  of  Council  on  Education. 

N.B. — ^Apparatus  grants  will  in  future  be  rigorously  confined  to  articles 
of  a  permanent  and  non-destaructible  nature;  hence  no  aid  will  be 
afforded  in  the  purchase  of  breakable  articles,  such  as  glass  retorts,  test 
tubes,  &c.,  or,  indeed,  generally  in  the  purchase  of  articles  to  be  used  by 
the  student  ap  distinguished  from  those  of  a  permanent  and  illustrative 
character  which  are  required  by  the  teacher  in  giving  instruction  in 
science. 

Grants  are  only  made  in  the  purchase  of  one  object  of  the  same  kind. 
Duplicates  of  apparatus,  &c.  are  not  allowed  at  the  reduced  rate. 
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SCIENCB  POBM,  No.  49. 

FoBH  of  Rbqitibition  which  maj  be  had  on  application  to  the  Secretary, 
Science  and  Art  Department 

The  following  Bequisition  for  Aid  in  purchasing  apparatus,  Ac.,  afler  being  filed 
up  as  required,  is  to  be  transmitted  to  **The  Secretary  of  the  Scienoe  and  Art 
I)epartment,  South  Kensington,  London.  W." 

N.B.— It  is  to  be  understood  that  the  Department  haa  a  lien  on  the  aikparattia,  Ac, 
ftirnished  to  public  institutions  to  the  amount  of  the  public  aid  given  in  supplying 
them ;  they  cannot  therefore  be  sold. 

No.  1  appli-  ^  &EQUI8ITI0V  for  Aid  in  purchasing  apparatus,  Ac. 

cation  to  be      For  the  use  of School  or  Institution  (») 

filled  in  by    in  the  City  or  Town  of  (•) '■ 

^^^-^  In  the  County  of 

fullnar^ 
ticutare. 


Having 
(»)  Erase  the 
words  that 
do  not  apply. 

and 


Male 

Female  1 

1 

1 

1    1 

{•)  Pupils  (Artizansor  Operatives)  of  the  Scienoe 
Class. 


(^)  Scholars  or  Members  of  Poor  School  or  Me  • 
dianics  Institute. 


Total. 


I  request  the  aid  of  the  Department  in  obtaining  flrom  M ~ 

the  apparatus.  &c.,  named  in  the  opposite  page,  and  I  undertake  that  the  same  shall  be 
kept  and  used  in  the  above-mentioned  (■)  school  or  institution  for  which  they  have 
been  demanded. 

The  address  to  which  the  parcel  is  to  be  sent  la  aa  follows  :— 

To  be  forwarded  to 

per at 


Dated  this  - 


Signature  of  Bequisitionist. 

-day  of 186    . 


No.2tobe 
filled  in  by 
thn  Depart, 
ment. 


2.  Requisition  sent  to  M 
tins 


day  of 


-186 


and  authority  given  for  the  supply  of  Artidea  to  the  extend 
of 


Net  Sum 
-will  be  paid  by  the  Department,  and  £^ 


Affent, 


of  which  a ^will  be  paid  by  the  Department,  and  B- ,  together  with 

the  cost  of  packing,  by  the  school  or  institution,  previous  to  the  goods  beiag 
applied. 

Assistant  Secretaiy. 


No.8tobe 
filled  in  by 
agent  on 
transmis- 
sion of  the 
invoice. 


8.  Invoice  of  articles  sent  to  Bequisitionist  aa  under,  this  - 

of 186    . 

Articles  (RetaU  Price)       • 
Deduct  as  above,— 

Aid  by  Department     ... 


-day 


Add,  for  packing 
Total  to  be  paid  by  Bequisitionist 


NoM.  4  and  6     4.  Amount  i 

tobe  filled  

in  by  agent. 


-received  firom  schools  this- 
-186    . 


-day  of 


-Agent. 


5.  Examples  forwarded  as  directed  above,  together  with  Bequisition,  tliis- 
dayof —186    . 


•  Agent. 


No.  6  to  be       6.  Examples  as  per  invoice  received,  and  *Bequi8ition  returned  to  Agent,  thia- 

miedinby  day  of 186    .  ^ 

Bjquisition-  Bequisitionist. 

*  It  is  requested  this  paper  may  be  returned  to  the  Agent  in  an  entire  state  after  the 
examples  have  been  received. 
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SCIENCE  FORM,  No.  9U 


RULBS  FOR  THB  CoNDUCT  OF  SciENCE  EXAMINATIONS. 

1.  The  following  rules  must  be  hung  up  in  the  examination  room  for 
the  information  of  the  candidates  one  week  before  the  examination. 
They  should  all  be  carefully  read  hj  the  members  of  the  Committee. 
Those  marked  with  an  asterisk  must  be  read  aloud  before  the  Committee 
and  the  candidates  on  each  night  immediately  before  the  examination 


A  room  or  rooms  of  such  a  sise  that,  when  seated,  the  candidates 
shall  be  at  least  five  feet  apart,  from  centre  to  centre,  must  be  provided 
for  the  examination. 

*  3.  All  Diagrams,  &c.  must  be  removed  from  the  walls  of  the  examina- 
tion room. 

4.  Ink  and  blotting  paper  must  be  provided. 

5.  If  one  room  is  used  three  of  the  Committee  must  be  present  during 
the  whole  of  the  examination,  if  more  than  one  room  then  two  of  the 
Committee  per  room,t  who  must  carefully  watch  the  whole  examination 
and  see  that  candidates  use  no  unfrir  means  either  by  assisting  one 
another  or  using  books  or  notes.  The  members  of  the  Committee  can, 
if  they  wish  it,  relieve  one  another,  so  long  as  the  correct  number  are 
always  present. 

6.  The  examination  papers  will  be  forwarded,  under  cover,  to  the 
Secretary  of  the  Committee  so  as  to  be  received  by  him  on  the  morning 
of  the  day  before  that  fixed  for  the  examination. 

*  7.  The  candidates  must  be  seated  at  their  places  at  6.50  p.m.  After 
this  time  no  candidate  shall  be  admitted  except  under  very  exceptional 
circumstances,  and  that  only  by  express  permission  of  the  Committee 
and  if  no  person  who  has  seen  the  examination  paper  has  left  the  room. 
No  candidate  ma^  on  any  account  be  admitted  after  7*30  p.m. 

*  8.  The  examination  papers  must  be  opened  in  the  examination  room 
in  the  presence  of  the  Committee,  at  6.55  p.m.  No  examination  paper 
may  be  taken  from  the  room  till  after  8  p.m. 

*  9.  When  the  candidates  are  seated  and  the  papers  given  out,  the 
Committee  will  see  that  the  candidsites  commence  bv  filling  in  their  names, 
&c.,  where  directed.  All  the  worked  papers  must  be  collected  at  10  p.m., 
iniMaled,  put  imder  cover,  and  sealed  in  the  presence  of  the  members  of 
the  Committee ;  and  forwarded  by  ihejirst  post  to  the  Secretary  of  the 
Science  and  Art  Department. 

.  *  10.  Candidates  must  on  no  account  bring  anything  with  them  into  the 
examination  room,^  except  pens  and  pencils.  No  scribbling  paper,  slates, 
or  anything  of  that  nature  must  be  allowed. §  Arrangements  must  be 
made  by  which  all  books,  note-books,  &c.,  can  be  given  up  and  left  at  the 
door. 

*  11,  Candidates  must  not  on  any  pretence  whatever  speak  to  one 
another  after  the  papers  have  been  given  out.  If  a  candidate  should 
require  to  ask  a  question,  he  will  hold  up  his  hand,  when  a  member  of 
the  Committee  will  attend  to  him,  but  no  question  on  the  meaning  of 
any  portion  of  the  examination  paper  must  be  asked  or  answered. 

12.  It  may  be  of  service  to  the  Committee  that  the  teacher  of  the 

t  When  there  are  not  more  than  three  candidates  it  will  not  be  necessary  for  more 
fhiui  two  members  of  the  Committee  to  be  present  at  the  examination. 

t  Except  such  as  by  the  Time  Table  (Science  Form,  No.  90)  are  required. 

§  It  in  absolutely  necessary  that  nothing  that  can  be  passed  from  one  candidate  to 
fl&otbel'iihoald  be  allowed.  jEtough  work  and  caAonlotionS  must  be  done  on  the  supplied 
form,  the  back  of  each  leaf  of  the  form,  i^.,  pages  2, 4. 6,  and  8,  may  be  reserved  for  this 
purpose,  the  pen  being  drawn  through  to  show  that  they  are  not  for  the  examiner.  But 
notninff  must  be  torn  off  the  form. 


Digitized 


byGoogk 


32 

class  should  attend  before  the  examination  begins  to  assist  in  getting 
the  candidates  into  th6r  places,  &c. ;  bat  from  the  peculiar  character  of 
the  examination  it  is  so  very  neceeeavj  that  not  the  slightest  opportunity 
for  misconstruction  should  exist  that  it  is  evident  that  he  shoula  not  be  in 
the  room  after  the  examination  papers  are  opened.  Information  of  his 
havmg  remained  in  the  h>om  after  this  will  at  onoe  lead  to  liie  examina- 
tion being  declared  null-f 

*  13.  The  examination  papers  being  given  out  no  candidate  must  be 
allowed  to  return  after  having  once  left  the  room.;|:  On  a  candidate 
leaving  the  room  his  papers  must  be  taken  up. 

*  14.  At  10  p.m.,  precisely,  all  the  candidates  must  cease  workiog,  and 
members  of  the  Committee  will  coUiect  their  worked  papers  from  them 
at  their  places.  It  will  therefore  be  advisable  to  warn  them  ten  minutes 
before  the  time.  The  papers  will  be  initialed,  by  the  Committee  aa 
directed,  as  they  are  received  fronv  each  candidate,  as  a  guarantee  that 
each  has  been  worked  by  him  whose  nune,  &c.,  it  bears.  Should  a 
candidate  have  completed. his  Work  before  10  p.m.  he  may,  by  permission 
of  the  Committee,  go  away  at  once,  after  his  worked  paper  has  been 
taken  by  a  member  of  the  Committee. 

*  15.  Should  a  candidate  break  any  of  the  foregoing  rules,  ask  from  oi* 
give  information  to  another,  or  use  unfair  means  of  any  description,  he 
must  be  at  once  expelled  the  examination  room,  and  his  paper  cancelled, 
and  the  Committee  will  state  on  it  the  cause  of  his  expulsion. 

16.  On  these  examinations  depend  large  grants  of  public  money.  On 
their,  being  fairly,  honestly,  and  impartially  carried  out  depends  the 
continuance  of  the  system.  The  Committees  are  intrusted  with  this 
duty.  They  will  see,  then,  how  necessary  it  is  to  be  extremely  careful  in 
conducting  them,  and* to  insist  cm  the  foregoing  rules  being  complied 
with  to  the  letter.  They  axe  therefore  required  to  sign  and  forward  this 
form  with  each  set  of  worked  papers. 

We,  the  undersigned,  members  of  the  Committee  of  the  Science 
School  or  Class  held  at : 

hereby  certify  that  we  were  present  during  the  examination  in 
•  held  in  the 

on  the  evening  of  the where  the  accompanying 

lapers  were  worked  in  our  presence,  and  that  the  foregoing  rules  ha¥0 
een  strictly  complied  with. 

Dated  this day  of _^  186  * . 


Di 


Time  Present. 

• 

t  Should  the  teacher  of  the  class  wish  to  compete  at  this  examination  for  the  Scgral 
Exhibitions,  he  must  apply  specially  to  the  Committee  for  permission,  so  that  thflir 
may  arrange  to  have  a  table  for  him  dose  to  their  own  seats,  and  not  with  the  other 
candidates. 

t  It  will,  therefore,  be  desirable  to  make  some  arrangement  for  the  oandldatas  to 
retire  within  tlie  room. 
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SYLLABUS  OF  THE  SUBJECTS  IN  WHICH  CEBTIPI. 
CATES  AS  TEACHERS  OF  SCIENCE  ARE  GIVEN 
BY  THE  DEPARTMENT.  OF  SCIENCE  AND  ART. 


Thb  following  Syllabus  has  been  prepared  in  order  to  afford  candidates . 
for  certificates  as  teachers  of  Science,  some  guide  to  their  reading ;  but 
it  must  be  understood  that  the  questions  in  the  examination  need  not 
necessarily  be  on  the  specific  points  enumerated; 

The  examination  is  by  paper,  but  oral  examination  may  be  rescxrted  to, 
and  satisfactory  evidende  may  be  required  of  the  teacher's  power  oi  giving^ 
information  to  a  class.  The  groups  are  divided  as  shown,  the  examina- 
tion in  each  subject  being  distinct,  so  that  candidates  may,  if  they  desire 
it,  take  a  certificate  only  in  one  subject  of  a  group.  Mention  is  made  of 
text-books  solely  to  afford  a  candidate  some  assistance  in  selection  and  a 
general  idea  of  the  scope  of  the  examination,  and  not  at  all  to  confine  his 
reading  to  those  works  or  to  assert  that  they  are  the  best  on  the  subjects 
they  treat  of. 

Any  certificate  obtained  at  the  examination  may  be  raised,  by  re- 
exammation,  in  the  next  or  any  following  November  to  a  higher  grade. 

A  Course  of  Lectures  as  detailed  below,  on  "  Preparation  for  obtaining 
"  Science  Certificates  and  the  Method  of  teaching  a  Science  Class,'*  has 
been  delivered  by  direction  of  the  Lords  of  the  Committee  of  Council  on 
Education.  The  lectures  may  be  purchased,  price  2d.  each,  at  the  book, 
stall.  South  Kensington  Museum,  or  on  appucation  by  letter,  enclosing 
postage  stamps,  to  the  Secretary,  Department  of  Science  and  Art,  South 
Kensington,  London,  W. 
Group  I.    -  Geometrical  Drawing,  &c.  Prof.  T.  Bradley. 

„      II.  -  Mechanical  Pl^sics         -  Rev.  B.  M.  Cowie,  M.A. 

„       III.-  Experimental  Physics      -  Prof.  Tyndall,  F.R.S. 

„       IV.-  Chemistry      -        -        -  Prof.  Hofmann,  F.R.S. 

„       V.  -  Geology  .        .        -  Prof.  Ramsay,  F.R.S. 

Mineralogy,  &c.     -        -  Prof.W.  W.  Smyth,  M.A.,F.R.S. 

„       VI.  -  Zoology         -        -        -  Prof.  Huxley,  F.R.S. 

„       VII.  Botany  -        -        -  Edwin  Lankester,  M.D.,  F.R.S. 

Navigation  and  Nautical  J.  Riddle,  F.R.A.S. 

Astronomy. 
Physical  Geography        -  Dr.  G.  Kinkel,  F.R.G.S. 

A  Second  Course  has  been  delivered,  of  which  the  following  have 
been  published : — 

Lecture  I.  -  Vegetable    Physio-  Edwin  Lankester,  M.D.,    3rd  February, 
logy  and  Econo-      F.R.S. 
mic  Botany. 
Lecture  II.    Mechanical  Physics  Rev.  B.  M.  Cowie,  B.D.  10th  February. 
Lecture  IV.  Mining         -        -  W.  W.   Smyth,  M.A.,  24th  February. 

F.RS. 
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SYLLABUS. 


A  teacher  will  not  reoeiye  any  payments  for  Subjects  II.  or  III.  until 
he  is  certificated  in  I. 

Snbjeet  I.— Praetieal  Plane,  and  DeseriptiTe  GeooMtry. 

Practical  Geometir^  plane  and  solid ;  required  by  architects^  engineers, 
mechanists^  snipDuilders,  and  others  employed  in  arts  of  construc- 
tion. 

The  candidate  is  expected  to  have  acquired  readiness  in  the  use 
of  the  usual  drawing  instruments  and  materials,  to  be  skilful  in  drawing 
lines  and  circles  in  Indian  ink,  plain  or  dotted,  of  diflTerent  degrees  of 
fineness;  drawing  parallel  e^ui-distant  lines,  at  least  six  inches  long, 
and  from  five  to  twenty  or  thirty  in  an  inch ;  drawing  from  ten  to  thirty 
lines,  passing  through  one  point  and  formine  equal  ancles ;  dividing  by 
trial  lines  and  arcs  into  any  number  of  equsd  parts.  He  should  also  be 
able  to  mend  his  drawing  pens  and  other  instruments,  and  to  verify  his 
rulers,  &c. 

Constructions  in  Plane  Geometry. 

1.  To  draw  lines  through    given    points,    in    every  position,    either 

parallel,  perpendicular  to,  or  to  form  any  proposea  oblique  angle, 
with  given  hues. 

The  use  and  construction  of  the  protractor,  and  of  the  **  scale  of  chords'* 
for  these  purpose^  should  be  understood,  and  the  deduction  of  certain 
angles  from  the  direct  division  of  the  circle. 

2.  To  draw  circles  or  arcs,  through  given  points,  to  touch  given  lines  or 

circles,  and,  conversely,  lines  to  touch  circles. 

Required  in  drawing  framework  for  machinery,  architectural  designs^ 
ornamentation,  &c.  • 

3.  The  principles  of  drawing  symmetrical  forms  by  means  of  co-ordinates 

to  me  axis  of  symmetiy. 

This  is  the  basis  of  all  drawing,  of  all  objects  of  construction,  which 
are  universally  symmetrical,  not  only  in  architecture^  civil  and  naval, 
but  in  machinery  and  engineering  works  of  all  kinds. 

4.  Constructions  of  figures  similar  to  given  rectilinear  "or  mixtilinear 

figures. 

Here  the  construction  and  use  of  << scales"  plain  and  comparative, 
should  be  thorouehly  understood  and  explained,  and  the  principles  of 
the  diaffomd  and  we  vernier  subdivision.  Also  the  mode  of  reducing  or 
enlarjpng  drawings  by  means  of  similar  rectan^^les,  termed  squaring  a 
drawing.  The  use  of  the  sector  and  of  proportionid  compasses,  ana  of 
the  pentagraph  and  eidograph,  in  facilitating  copying  should  be  known. 

5.  To  construct  rectilinear  figures  similar  to  given  ones,  but  with  a  pro- 

posed area. 

6.  To  determine  by  construction  numerical  quantities  such  as  ^  m  ; 

^^5  ^a'±b«,  &o. 


Digitized 


byGoogk 


35 

7.  To  conBtruct  h  triangle^  any  three  parts  being  given. 

Used  in  leyelling,  surveying,  and  the  determination  of  heights  and 
distances.  Great  accuracy,  neatness,  and  distinctness  of  construction, 
will  be  insisted  on :  Geometrical  drawing  is  valueless  unless  it  possesses 
these  reouisites.  A  few  illustrations  of  constructions  on  the  ground,  by 
means  or  a  "  chain,"  pins  and  cords,  necessary  in  surveying,  and  "setting 
out  *'  buildings  and  earthworks,  may  be  added  to  the  course,  as  well  as 
the  solution  of  a  few  elementajry  problems  by  means  of  the  compasses 
alone. 

8.  The  delineation  of  a  few  of  the  curve  lines  required  in  the  arts^  such 

as  the  ellipse^  cycloidal  curves,  the  involute  and  sinusoid,  with  the 
graphical  method  of  determining  their  tangents  and  normals. 

Required  in  designing  elliptic  arches,  oblique  bridges,  teeth  of  wheels, 
cam-work,  screws,  &c. 

9.  Practice  in  tinting  and  shading  with  Indian  ink,  so  as  to  express 

curved  sur&ces  and  shadows. 

For  the  preceding  part  of  the  course,  a  fiedr  knowledge  of  the  first  six 
books  of  Euchd  is  strongly  eiijoined,  some  acquaintance  also  with 
trigonometry  will  be  of  service,  as  without  such  previous  knowledge, 
the  learner  is  simplv  copying  what  is  set  before  him,  and  cannot 
attain  the  highest  skill  in  dnwing. 

Constructions  in  Solid  Geometry. 

{Descriptive  Geometry.) 

Preceded  by  explanations  of  the  term  projection,  and  of  the  necessity 
for  it,  m  order  to  express  graphically,  on  a  surface,  solids  of  any 
kind ;  the  distinction  between  orthographic  and  perspective  projee 
tions:  their  uses,  and  general  principles  which  are  tne  foundation 
of  their  practical  application. 

Orthographic  Projection, 

yj\kj  the  projections,  of  any  solid  consisting  of  a  combination  of 
geometric  forms,  on  two  or  three  co-ordinate  planes  are  necessary  to 
show  the  form  and  dimensions  of  that  soUd. 

Meaning  of  the  terms  plan,  elevation,  profile,  section.  The  principle  of 
the  representation  of  surfaces  by  the  projections  of  their  generators, 
or  of  equi-distant  horizontal  sedions  termed  contours.  The  direction 
and  inclination  of  an  indefinitely  extended  plane  given  by  its  con- 
tours, or  by  its  traces  on  any  two  co-ordinate  planes. 

These  principles  should  be  ouite  fEuniliar  to  the  candidate,  and  will  be 
tested  by  making  him  draw  plans,  elevations,  and  sections  of  simple 
solids,  as  prisms,  pyramids,  cones,  spheres,  cylinders,  and  of  sym- 
metrical solids  formed  by  their  combinations. 

A  few  of  the  problems  relating  to  points,  lines,  planes,  and  curved  sur- 
faces, will  be  required,  \ 


To  draw  lines  and  planes  parallel  or  perpendicular  to  each  other,  to 
contain  given  points  or  lines,  and  the  limits  of  the  possibility  of 
solution  of  any  problem  should  always  be  understood. 

The  preceding  constructions  combined  and  applied  to  determine  by 
their  projections  the  simple  solids  before  mentioned,  when  they  are 
not  symmetrically  situated  with  respect  to  the  supposed  planes  of 
projection. 
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3.  Applicalions  to  the  intersections  of  surfaces^  and  of  the  development 

of  Btich  as  admit  of  it.  .        . 

This  may  be  considered  the  most  important  part  of  descriptive  geome- 
try to  the  artizan,  as  it  is  required  in  all  arts  of  construction.  The  mason, 
carpenter,  and  shipwright,  workers  in  tin-plate,  boiler  makers,  &c.,  would 
all  De  benefited  by  a  knowledge  of  it 

This  application  has  been  termed  Stereotomy,  and  better  and  more 
significantly  in  French,  "  Coupe  de  pierres." 

Much  practical  knowledge  of  the  subject,  arising  from  their  pursuits, 
is  possessed  by  workmen,  while  the  want  of  a  scientific  knowledge  of 
it  compels  architects,  enjpneers,  and  their  drawing  clerks  to  leave  to 
the  workmen  the  execution  of  their  conceptions  which  they  cannot 
themselves  design. 

4.  The  solution  by  construction  of  the  spherical  triangle  from  any  three 

given  parts^  is  mentioned. 

As  important  to  masters,  mates,  and  others  engaged  in  any  kind  of 
astronomical  calculations. 

Isometric  Projection. 
Is  usefully  employed  in  the  representation  of  works  chiefly  of  a  rectan- 
gular form,  such  as  timber  framing,  canal-locks,  and  many  parts  of 
machineiy ;  its  use  is  much  increasing :  it  is  readily  understood, 
and  can  be  practised  by  anyone  who  has  gone  through  the  first  two 
articles  of  this  section. 

Perspective  Projection, 

May  be  taken  up,  but  will  not  be  insisted  oh  as  it  is  rarely  used  except 
by  architects  to  represent  buildings  (not  yet  executed),  as  they  would 
appear  to  the  eye  at  any  spot  from  which  they  could  be  viewed,  and 
the  power  of  applying  it  tor  this  purpose  is  possessed  by  many  who 
know  little  of  the  recJly  easier  subject  of  descriptive  geometry ;  but 
as  its  application  by  the  architect  must  be  subordinated  to  artistic 
taste,  this  consideration  excludes  it,  in  some  measure,  from  a  purely 
geometrical  course. 

No  one,  however,  can  be  considered  a  scientific  draughtsman  unless  he 
can  apply  perspective  projection  to  the -projection  bf  shadows^  tiie 
projections  of  the  sphere,  the  constructions  of  maps  and  dials,  and 
some  other  uses. 

For  the  second  division  of  this  course,  in  addition  to  what  was  before 
indicated,  a  competent  knowledge  of  the  theorems  relating  to  the 
line  and  plane  (Euclid,  Book  XI.),  and  an  acquaintance  with  the 
leading  properties  of  the  conic  sections,  the  geometry  of  the  sphere, 
and  some  spherical  trigonometry  is  important,  it  cannot  be  too 
urgentiy  recommended  to  all  persons  wisning  to  master  this  course, 
to  study  such  works  as  "  Geometry,  Plane,  Solid,  and  Spherical " 
of  the  Library  of  Useful  Knowledge,  and  Mr.  Bell's,  in  Chambers' 
Educational  Course. 

Geometry,  Plain,  Solid,  and  Spherical  (Library  of  Useful  Knowledge)  is  es- 
pecially recommended  as  a  work  to  be  studied  on  Theoretical  Geomietry. 

Text-Books  for  Practical  Plane  Geometiy. — Bradley's  Geometrical  Draw^ 
ing:  Burchett's  Practical  Geometry  j  Practical  Geometry,  Linear  Per- 
ifpective  arid  Projection  (Library  of  Useful  Knowledge). 

For  Descriptive  Geometry. — Bradley's  Geometrical  Drawing ;  Hall's  J?i^- 
ments  of  Descriptive  Geometry  for  Students  in  Engineering. "^HeiBiiiet'B 
Descriptive  Geometry,  Also  the  following  French  Works,  which  are 
mentioned  in  consequence  of  the  great  deficiency  of  English  Works 
on  Geometrical  Drawing. — El^nau  de  Giomitne  De9criptive,  par  S. 
F.  Lacroix ;   Traits  de  Giom^trie  Descriptive,  par  Levebure  de  Four9y; 
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Nouveau  Cwrsraisonne  de  Desnn  Industriel,  par  Armengaud^  atne^ 
et  Armengaud,  jeune^  et  Amourous ;  Bai'din's  Works  on  Descriptive 
Geometry. 

Subject  II. — Mechanical  and  Machine  Drawini^. 

The  oamlidates  in  Subfects  IL  and  IIL  will,  some  iime  before  the  ex- 
amination, have  specifications  of  subjects  given  to  them,  of  which  they 
will  be  required  to  prepare  drawings  before  the  examination.  These 
drawings  must  be  bond  fide  their  own.  The  candidates  may  be  examined 
on  them,  and  if  the  results  be  satisfactory,  they  wiU  count  towards  their 
certificates,  but  they  will  only  be  taken  into  consideration  when  it  is 
clearly  seen  from  the  regular  examination  that  the  candidate  is  qualified 
for  a  certificate. 

The  application  of  the  foregoing  Subject  I.  to  the  drawing  of  ma- 
chinery, in  which  great  accuracy  and  neatness  of  drawing  will  be 
insisted  on. 

The  candidate  will  be  required  to  take  measurements  with  calipers,  ^c, 
and  to  make  drawings,  elevations,  and  sections  of  a  simple  machine, 
or  of  parts  of  one,  set  before  him.  Also  to  draw  a  portion  of  a 
machine  from  written  dimensions  and  description.  He  will  be 
required  to  have  sufficient  knowledge  of  the  principles  of  m^hinery, 
gearing,  &c.,  to  be  able  to  make  working  drawings  of  a  machine  or 
portions  of  a  machine  from  a  rou^h  sketch,  applying  the  power  to 
the  fpreatest  advantage,  and  obtaining  such  power  or  changes  of 
motion  as  are  reqmred.  In  fine,  such  knowledge  and  readiness  as 
would  be  required  of  a  good  draughtsman  in  an  engineer's  office. 

Subject  III.—- Bttildini^  GonBtmction,  or  Na^al 
Architecture* 

{See  previous  Subject.) 

The  candidate  wiU  be  required  to  possess  sufficient  knowledge  pf  con- 
struction— (1)  to  apply  the  various  materials  used  in  building  to  their 
greatest  advantage ;  (2)  to  be  able  to  make  detul  and  working  drawings 
showing  a  knowleckre  of  the  methods  of  construction  and  the  framing 
of  ordinary  roofs,  bridges,  &c.,  whether  of  wood,  iron,  or  masonry ; 
(3)  to  frame  estimates  and  take  out  quantities. 

Neatness,  accuracy,  and  facility  in  drawing  will  be  insisted  on,  and 
the  genera]  requirements  in  this  Subject  will  be  such  as  would  be 
possessed  by  a  f(ood  draughtsman  in  an  architect  or  builder's  office, 
with  a  slight  scientific  knowledge  for  the  proper  application  of  the 
materials  he  is  required  to  work  with. 

N.B. — Naval  Architecture  may  be  taken  instead  of  Building  Construc- 
tion; the  same  description  of  attainments  will  be  required. 

Subject  IV.— Blementary  Mathematics. 

1.  Arithmetic  generally. 

2.  Geometry. — The  properties  of  lines,  triangles,  rectilinear  figures,  the 

circle;  properties  of  similar  figures ;  proportion  of  figures;  inscribed 
and  circumscribed  polygons.  The  questions  will  have  reference  to 
Euclid's  elements ;  but  a  sound  knowledge  of  Geometry  obtained 
firom  any  source  will  be  accepted. 

3.  ill9re6ra.-r-Definitions.      Addition.      Subtraction.      Multiphcatiop. 

Division.  Greatest  common  measure.  Least  common  multiple. 
Theory  of  indices  (integral).     Involution.      Evolution.      Simple 
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equations,  and  problems  producing  them.    Fractions.    Quadratic 
equations,  and  problems  producing   them.     Ratio.     Proportion. 
Variation.  Arithmetical,  geometrical,  and  harmonical  Progressions, 
Permutations,  and  Combinations.     Binomial  theorem  for  a  positiye 
integral  index. 
4.  Plane  TVigonometry. — ^Definitions.  Conversion  of  degrees  and  Uidr  sub- 
divisions into  grades,  and  their  subdivisions,  and  vice  versa.  ^Angular 
and  circular  measures  of  degrees  and  their  relation .    The  goniometric  ' 
functions  of  angles  and  the  conversion  of  one  into  another.    The 
arithmetical  values  of  the  goniometric  functions  of  90°,  43°,  60°,  30°, 
.180°,  120°,  150°,  &c.    The  meaning  of  contrariety  of  signs  in  trif^ro- 
nometiy.    Tracing  of  the  goniometric  functions  in  magnitude  and 
algebraic  sign  through  the  four  quadrants  and  when  an  angle  is 
indefinitely  increased. 
Formulae  for  multiplication  and  division  of  angles,  ^dz.,  sine,  cosine, 

tangent,  &c.,  of  (A  ±B),  2A,3A,^y  and4'   Also  of -4  andB  in 

^A  +  B      .A--B. 

terms  of  — « —  and  — g — 

Logarithms, — Definition.  Multiplication,  Division,  Involution  and  Evo- 
lution by  logs.    The  use  of  logarithmic  tables.    Tables  of  propor- 
tional parts  for  numbers  and  angles.      Modulus.      Construction 
of  logarithmic  tables,  and  of  tables  of  logarithmic  sines,  cosines,  &c. 
Triangles. — Formulae  for  cosine  of  an  angle  of  a  triangle  in  terms  of  its 
sides.    The  relation  between  sines  of  angles  and  the  opposite  sides ; 
sine,  cosine,  tangent,  &c.,  of  half  an  angle  of  a  triangle  in  terms  of 
sides,  and  of  the  sine  of  an  an^le.    Area  of  a  triangle.     Solution  of 
triangles.   Diameters  of  circles  inscribed  in  and  circumscribed  about 
a  given  triangle.    Areas  of  regular  polygons  inscribed  in  and  cir- 
cumscribed about  a  given  circle.    Area  of  a  circle.    Description  and 
use  of  vernier  and  theodolite  and  sextant  (generally).     Heights  and 
distances  of  inaccessible  objects. 
For  students  to  obtain  a  5th  class,  a  competent  knowledge  of  the 
following  alone  will  be  required : —  ^ 

(1.)  Geometry.    The  first  book  of  Euclid. 
(2.)  Algebra,  to  simple  equations  and  problems  (inclusive). 
(3.)  Plane  trigonometry.     The  more  elementary  portions,  including 
use  of  logarithms. 
To  obtain  a  4th  class : — 

(1.)  Geometry.    The  first  three  books  of  Euclid. 
(2.)  Algebra,  to  quadratic  equations. 

(3.)  Plaiie  tngonometiT  as  fkr  as  solution  of  triangles,  inclusive. 
And  for  third,  second,  and  first  class  Queen's  prizes  the  remuning 
portion  of  the  above  subjects. 

Subject  V. — Hin^her  Mathematics. 

1 .  Algebra, — Surds.    Theory  of  indices  (fractional  and  negative).     Bi- 

nomial theorem  generally.  Multinomial  theorem.  Exponential 
theorem.  Indeterminate  equations  and  problems.  Indeterminate 
coefficients.     Reversion  of  series.  •  Properties  of  numbers. 

2.  Plane  Trigonometry. — De  Moivre's  theorem  and  the  expansion   of 

sine,  cosine,  and  tangent  in  terms  of  the  angle. 
Spherical   Trigonometry. — Definitions    and    fundamental   propositions. 
Polar  or  supplemental  triangle  and  its  properties.  Area  of  a  spherical 
triangle.     Spherical  excess. 
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Fundftmental  foitQultt  expNMing  the  xdations  of  the  sides  and  angles 
of  a  spHerical  triangle. 

Napier^s  analogies. 

Solution  of  right-angled  spherical  triangles  and  of  oblique  angled 
triangles. 
Menwration, — Trapeziums.  Regular  plane  rectilinear  figures.  Irregular 
plane  curvilinear  figures  (Simpson's  or  Stirling's  Rules).  Volumes 
and  surfaces  of  Parallelopipeds,  Pyramids,  Qrlinders,  Cones,  and 
Spheres.  ' 

Differential  and  Integral  Calculus. — Definitions.  Differential  of  ele- 
mentary  functions,  including  circular  and  logarithmic  Amctions. 
Vanishing  fractions.  Maxima  and  minima  of  one  independent 
variable.  Tangents  and  normals  of  curves.  Differential  coefficients 
of  Areas,  Arcs,  Volumes  and  surfiices  of  solids  of  revolution. 

Integration  of  elementary  functions.  Integration  by  parts.  Rational 
fmtions.  Integration  between  limits.  Areas  and  lengths  of 
simple  curves.    Volumes  and  surfaces  of  solids  of  revolution. 

Subject  VZ.— Mechanics  aa  a  SciencSj  or  Theoretical 
Mechaiiles. 

Statics.  Composition  and  resolution  of  forces.  Forces  acting  on  a 
point— on  a  rigid  body.  Parallel  forces.  Centre  of  gravity.  Tlieory 
of  moments  or  couples.  Principle  of  virtual  velocities.  The  mechiC* 
nical  powers.    Friction.    Equihbrium  of  roofis  and  arches. 

Dynamics.  Laws  of  motion.  Uniformly  accelerated  motion.  Motion 
by  gravity  Variable  forces.  Projectiles.  Centrifugal  force.  Motion 
on  indined  planes — on  curves.  Pendulums.  Motion  of  rigid  bodies, 
free  or  constrained.  Moment  of  Inertia.  Centre  of  osciUation — of 
percussion.    Motion  of  flexible  bodies,  such  as  a  musical  string. 

Hydrostatics,  Hydrod^rnamics,  and  Pneumatics.  Mechanical  properties 
of  liquids.  Law  of  pressure.  Centre  of  pressure.  Laws  of  floating 
bodies.  Capillary  attraction.  Laws  of  fluid  motion,  through  open 
channels,  closed  pipes,  or  orifices. 

Mechanical  properties  of  elastic  fluids.  Theory  of  barometers.  Con- 
nexion between  pressure,  temperature,  and  volume.  Specific  heat. 
Weight  of  atmosphere.    Use  of  barometer  in  calculating  heights. 

In  this  subject  tne  candidate  will  have  to  show  a  mathematical 
knowledge  of  the  laws  of  Mechanics,  and  must  be  able  to  prove  from 
first  principles  the  principal  theorems. 

The  books  recommended  for  studv  are — ^Whewell's  Elements  of  Mecha» 
nics,  or  Snowball's;  Moseley's  Engineering  Architecture;  Natural 
Philosophy,  by  Dr.  Golding  Bird  and  Mr.  Brooke ;  Goodwin's 
Elementary  Course, 

Subject  VZI.— Mechanics  as  an  Art|  or  Ai>plied  Mechanics. 

General  principles  of  mechanism.    Elementary  combinations.    When  the 

connexion  is  hj  rolling  contact,  sliding  contact,  wrapping  connectors 

or  linkwork,  with  constant  or  varying  velocity  ratio,  and  constant  or 

varying  directional  relation. 
Machines  of  ordinary  occurrence  must  be  thoroughly  understood  and 

particular  parts  to  be  described  and  dra\iii :  such  as  cranes ;  lathes ; 

driUs:  planiuff,  punching,  boring,  shapinff,  and  slotting  machines. 

Spinning  and  weaving  machinery.    Mode  of  calculating  power  of 

machinery.    Dynamometers,  indicators,  &c. 
Materials.    The  general  properties  of  materials.    Elasticity.    Weight. 

Specific  weight.     Mecoamcal  work.     Work  done  by  pressure^  by 
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^  impact,  by  expansion  of  elastic  gases  and  steam^  by  animal  muscular 
effort. 

Resistance  to  expansion,  to  compression,  to  rupture.  Friction  of 
solids.  Its  importance  in  construction.  Resistance  of  fluids  to 
bodies  moving  ^lathin  them.  Adaptation  of  form  and  material  for 
maximum  resistance.  Beams  of  greatest  strength.  Construction  of 
roofs,  arches,  stone  and  timber  bridges,  suspension  bridges,  and 
tubular  girders. 

Hydrostatics,  Hydrodynamics,  and  Pneumatics.     Pressure  on  flood- 

.  gates  ;  locks  ;  water-wheds ;  turbines ;  water^pressure  engines ; 
breakwaters.  Hydrometers,  llie  siphon.  Hydraulic  ram.  Pumps. 
Diving  bell.  Cfondenser.  Windmills.  Steam-engines,  stationary, 
marine,  locomotive.  The  steam  hammer.  Water  supply  to  towns, 
llieory  of  tides,  in  the  open  sea,  and  in  rivers. 

In  this  subject  the  candidate  will  be  expected  to  show  how  the 
principles  are  applied  in  actual  practice:  he  will  be  expected  to  show 
by  clear  well-d]ra.wn  sketches,  his  acquaintance  with  parts  of  machines. 

The  candidate  will  have  tools  and  models  nut  before  him,  with  some  of 
which  he  must  show  he  is  familiar,  ana  that  he  can  explain  thdr  use 
and  construction. 

Books  recommended: — Willis's  Mechanism;  Baker's  Elements  of  Me^ 
chanismj  the  books  in  Weale's  Series  which  treat  on  the  subjects 
specified.  Twisden's  Practical  Mechanics;  Goodeve's  Elements  of 
Mechanism. 

Subject  VZZZ.^AcousticSi  Ziisht,  and  ZZeat. 

Acoustics, 

The  candidate  ought  to  know  the  manner  in  which  sound  originates, 
and  is  propagated ;  its  yelomty  in  different  media,  and  how  its  velocity 
through  air  is  affected  by  density  and  temperature. 

He  ought  to  know  the  origin  of  musical  sounds ;  of  pitch ;  of  harmony 
and  discord ;  to  commit  to  memory  the  rates  of  vibration  of  the 
several  notes  of  the  gamut ;  to  be  able  to  make  sonorous  vibrations 
visible  W  means  of  glass  plates  and  membranes;  to  calculate  the 
length  or  sonorous  waves,  and  to  determine  practically  the  number  of 
vibrations  due  to  any  particular  note.  He  ought  therefore  to  under- 
stand the  construction  and  use  of  the  Syren. 

He  ought  to  be  able  to  describe  and  illustrate  the  condition  of  a  vibrating 
string,  or  column  of  air  at  its  nodal  points  and  ventral  segments  and 
to  explain  echos  and  resonance. 

Light. 

The  candidate  ought  to  know  how  its  velocity  was  first  determined  from 
observations  upon  Jupiter's  sateUites. 

He  ought  to  be  able  to  devise  a  simple  means  of  exhibiting  both  the 
reflediion  and  refraction  of  light;  to  be  able  to  state  the  laws  of  both ; 
to  explain  what  is  meant  by  total  reflection ;  and  to  apply  it  to  the 
explanation  of  the  Mirage  of  the  Desert,  the  Phantom  Snip,  and  other 
similar  phenomena. 

He  ought  to  be  able  to  explain  why  the  image  in  a  plane  mirror  must 
appear  as  far  behind  the  mirror  as  the  object  is  in  ftront  of  it ;  why  a 
stick  appears  bent  when  dipped  obli<)uely  into  water ;  and  why  the 
bottom  of  a  river  or  lake,  or  of  a  basin  which  holds  water,  appears  to 
be  nearer  to  the  surface  than  it  really  is. 

He  ought  to  be  able  to  determine  the  positions  of  the  foci  of  spherical 
mirrors,  both  concave  and  convex ;  to  describe  the  characters  of  their 
images,  whether  erect  or  inverted ;  magnified  or  reduced ;  and  to  do 
the  same  for  convergent  and  divergent  Tenses. 
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He  ought  to  know  the  construction  of  the  human  eyt ;  the  conditions  of 
distinct  vision,  the  use  of  spectacles;  and  to  be  able  to  describe  a 
simple  form  of  the  reflecting  and  refracting  telescope  and  of  the 
microscope. 

He  ought  to  know  the  constitution  of  light ;  to  be  able  to  describe  the 
spectrum  produced  by  refraction  with  a  prism  ;  to  explain  the  origin 
of  colours,  and  to  give  a  clear  explanation  of  the  rainbow. 

Heat. 

The  candidate  ought  to  be  able  to  describe  the  construction  and  gra- 
duation of  an  ordinary  mercurial  thermometer;  to  understand  the 
scales  of  Fahrenheit,  Celsius,  and  Reaumiur. 

He  ought  to  have  clear  ideas  of  conduction  and  radiation;  to  be  able  to 
devise  some  simple  means  whereby  the  conductive  and  radiative  powers 
of  different  bodies  may  be  determined ;  to  explain  fiiUy  the  formation 
of  dew,  and  to  state  the  conditions  favourable  to  its  production. 

He  ought  to  know  the  effect  of  heat  upon  the  volumes  of  bodies ;  to 
know  what  is  meant  by  the  coefficient  of  expansion,  and  how  it  n:iay 
be  det^mined ;  to  give  illustrations  of  the  enormous  power  of  heat  in 
producing  expansion;  to  state  exceptional  cases;  to  know  the  manner 
m  which  heat  is  propagated  through  liquids  and  gases,  as  distin- 
guished from  ordinary  conduction ;  and  to  be  able  to  combine  two 
metals  possessing  different  coefficients  of  expansion,  so  as  to  form  a 
compensating  pendulum. 

He  ought  to  know  the  meaning  of  latent  heat  and  of  specific  heat,  and 
to  illustrate  both  by  reference  to  ice,  water,  and  steam ;  he  ought  to 
be  able  to  show  the  influence  of  the  high  specific  heat  of  water  upon 
an  island  climate. 

He  ought  to  know  the  strict  physical  meaning  of  ebullition ;  and  the 
influence  of  pressure  upon  the  boiling  points  of  liquids ;  he  ought  to 
have  a  general  knowledge  of  the  origin  of  winds  and  clouds,  and  to  be 
able  to  explain  the  fact  that  the  rain-fall  upon  the  south-west  side  of  a 
mountain  chain  in  England  and  Ireland  is  much  more  copious  than 
on  the  north-east  side. 

Subject  IX.*Ma|pietUua  and  Slectricity. 

Magnetism, 

The  candidate  ought  to  know  the  action  of  one  loadstone  upon  another 
which  is  freely  suspended,  or  set  afloat  upon  a  liquid ;  he  must  have  a 
perfectly  clear  notion  of  magnetic  polarity,  and  of  the  action  of  mag- 
netic poles  upon  each  other. 

He  must  know  the  difference  between  the  action  of  magnetised  and 
unmagnetised  steel  upon  a  magnetic  needle  ;  also  the  difference 
between  soft  iron  and  hard  steel,  with  regard  to  their  acceptance  and 
retention  of  the  magnetic  condition ;  (coercive  force). 

He  must  be  able  clearly  to  state  the  condition  of  a  mass  of  soft  iron 
when  under  the  influence  of  a  magnet,  and  in  virtue  of  which  condi- 
tion the  iron  is  attracted ;  (magnetic  induction). 

He  must  be  able  to  describe  the  action  of  the  earth  upon  a  magnetic 
needle;  must  know  the  meaning  of  declination,  inclination  or  dip, 
and  of  secular  and  diurnal  variation ;  the  action  of  the  earth  upon  a 
bar  of  soft  iron  according  as  it  is  held  in  the  direction  of  the  dip  or  at 
right  angles  to  this  direction ;  finally,  the  effect  of  percussion  in  ren- 
dering the  condition  assumed  by  the  bar  of  soft  iron  a  permanent  one. 

He  ought  to  be  able  to  compare  accurately  the  strength  of  one  magnet 
.  .  with  that  of  another,  and  to  state  how  the  relative  intensity  of  the 
earth's  magnetism  at  two  points  of  its  surface  may  be  ascertained. 
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Frictkmal  Electricity. 

The  candidate  ought  to  know  various  simple  ways  of  exciting  electricity 
to  be  clearly  informed  as  to  the  duplex  character  of  the  force ;  to 
know  the  condition  of  the  rubber  as  well  as  that  of  the  body  rubbed ; 
and  to  be  conversant  with  various  forms  of  electroscopes  and 
electrometers. 

He  ought  to  know  the  foundation  of  the  terms  vitreous  and  resinous, 
positive  and  negative ;  to  be  able  to  illustrate  the  action  of  two  elec- 
trified bodies  upon  each  other;  and  to  tell  at  once  whether  a  body  is 
positively  or  negatively  charged.  . 

He  ou^ht  to  have  a  clear  knowledge  of  electric  conduction,  insulation, 
and  mduction ;  and  be  able  to  explain  the  state  of  a  neutral  conductor 
when  acted  upon  by  an  electrified  body ;  he  ought  to  be  able  to  prove, 
experimentally,  that  though  we  cannot  by  breaking  a  magnet  obtain 
two  halves  €ach  with  a  single  pole,  we  can  by  breaking  an  electrified 
body  obtain  two  halves  each  charged  with  a  smgle  elec&city. 

He  ought  to  be  able  to  explain  the  influence  of  points  and  flames  when 
attached  to  an  electrified  conductor;  and  to  describe  the  action  of 
lightning  conductors. 

He  ought  to  be  able  to  describe  the  electric  machine,  and  the  elec- 
trophorus  ;  and  to  explain  the  action  of  the  condenser  and  of  the 
Leyden  jar. 

He  ought  to  be  able  to  state  the  principal  effects  of  the  electric  dis- 
charge; to  state  the  atmospheric  conditions  necessary  to  the  produc- 
tion of  a  thunderstorm ;  and  to  give  a  clear  account  of  the  so-caUed 
return  stroke. 

Voltaic  Electricity. 

The  candidate  ought  to  be  able  to  state  precisely  how  voltaic  electrid^ 
may  be  generated;  to  describe  Volta's  pile,  and  his  ciown  of  cups; 
and  also  the  batteries  of  Daniell,  Grove,  and  Bunsen. 

He  must  have  a  clear  conception  of  what  is  meant  by  the  direction  of  an 
electric  current ;  and  be  able  to  illustrate  in  the  fullest  manner  the 
action  of  a  current  upon  a  freely  suspended  magnetic  needle.  Given 
the  direction  of  the  current,  he  must  be  able  to  state  how  the  needle 
moves ;  given  the  movement  of  the  needle,  he  must  be  able  to  infer 
from  it  the  direction  of  the  current. 

He  must  be  able  to  describe  fully  the  action  of  a  current  upon  soft  iron ; 
and  to  infer  from  the  direction  of  the  current  the  nature  and  position 
of  the  magnetic  poles,  which  it  excites. 

He  must  be  well  acquainted  with  the  chemical  reactions  which  take  place 
both  in  the  batteries,  mentioned  above,  and  also  in  other  liquids 
through  which  the  current  may  be  sent. 

He  mustbe  able  to  measure  the  strength  of  an  electric  current,  and  he  is 
strongly  recommended  to  master  thoroughly  the  law  of  Ohm,  regard- 
ing the  mutual  relations  of  electromotive  force,  resistance,  and  strength 
of  current. 

He  ought  to  be  acquainted  with  the  so-called  polarisation  of  metaDic 
plates  between  which  a  current  passes  through  a  liquid,  and  to  show 
how  this  is  avoided  in  Grove's  battery. 

He  ought  to  be  able  to  give  a  clear  description  of  some  one  form  of  the 
electric  telegraph. 

He  ought  to  be  acquainted  with  the  physiological  effects,  and  with  those 
of  light  and  heat  produced  by  the  voltaic  current ;  and  to  show  the 
dependence  of  the  neat  on  the  strength  of  the  current,  and  on  the 
resistance  which  it  encounters. 
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It  would  also  be  well  to  master  as  much  of  the  phenomena  of  induced 
ouirents  as  would  enable  the  candidate  to  explain  the  action  of  the 
galvanizing  apparatus  used  by  medical  men. 

NoTX.~Thi8  candidate  will  perceive  that  this  list  is  long  because  the 
objects  to  which  he  is  to  devote  his  attention  are  separately  specified. 
Definition  is  thus  given  to  his  studies  and  their  precise  scope  marked 
out  for  him.  He  is  recommended  to  repeat  with  his  own  hands,  as  far 
as  it  is  in  his  power  to  do  so,  the  experiments  which  he  finds  described 
in  good  handbooks  of  Natural  Philosophy ;  this  will  ^ve  a  certainty  to 
his  knowledge  and  an  interest  to  his  pursuits  which  mere  reading 
can  never  confer.  The  first  requisite  demanded  of  him  on  his 
examination  will  be  that,  however  small  his  knowledge,  it  shall  be  well 
digested  and  sound. 

Text-Books : — Lardner's  Handbook  of  Natural  Philosophy  ;  Natural 
Philosophy,  by  Dr.  Golding  Bird  and  Mr.  Brooke. 

Subject  X.— Znorganic  Chemistry. 

The  general  principles  of  chemical  philosophy.  Laws  of  combination. 
Combining  weights  and  chemical  equivalents.  Combining  volumes. 
Chemical  symbols  and  their  use  m  the  explanation  of  chemical 
changes.    The  atomic  theory. 

The  non-metallic  elements :  Oxygen,    Combustion. 

Hydrogen.  Water.  Chemical  composition  and  properties.  Adaptation 
for  domestic  purposes.    Hardness,  permanent  ana  temporary. 

Nitrogen.  Nilarous  oxide,  nitric  oxide.  Nitric  acid.  Nitrification. 
Aimnonia. 

Carbon,  Process  of  carbonization.  Carbonic  oxide.  Carbonic  acid. 
Marsh  gas.    Olefiant  gas.    Manu£Eu;ture  of  coal  gas. 

Sulphur.  Sulphurous  acid,  sulphuric  acid.  Sulphuretted  hydrogen. 
Bisulphide  of  carbon. 

Chlorine.  Hypochlorous  acid.  Bleaching  agents  and  theory  of  bleach- 
ing. Chloric  acid  and  perchloric  acid.  Chloride  of  nitrogen. 
Chlorides  of  carbon. 

Bromine,    Bromic  acid  and  hydrobromic  acid. 

Iodine.    Iodic  acid,  periodic  acid,  and  hydriodic  acid. 

Fluorine,    Hydrofluoric  acid. 

Phosphorus.  Hypophosphorous  acid,  phosphorous  acid.  The.  several 
modifications  of  phosphoric  acid :  ordinary  phosphoric,  pyrophos- 
phoric,  and  metaphosphoric  acids.  Theory  of  polybasic  acids.  Fhos- 
phoretted  hydrogen.  Chlorides  of  phosphorus.  Manufiicture  of 
matches. 

Boron  and  boracic  acid. 

Silicium  and  silicic  acid. 

The  metals :  Potassium.  Manufactiure  of  nitre.  Manufacture  of  gun- 
powder. Theory  of  the  action  of  gunpowder.  Sodium.  Manufacture 
of  carbonate  of  soda. 

Barium.    Strontium.     Calcium.    Mortars. 

Magnesium,  Aluminium.     Manufacture  of  glass  and  porcelain. 

Manganese.  Iron.  Composition  and  properties  of  cast  iron,  wrought 
iron,  and  steel. 

Cobalt,  Nickel.  Chromium.  Zinc.  Cadmium.  Copper.  Lead.  Manu- 
facture of  white  lead. 

Bismuth,  Mercury.  Tin,  Arsenic,  Course  of  analysis  in  cases  of 
poisoning. 

Antimony.  Silver,  Gold,  and  platinum.  Their  principal  compounds 
with  tne  non-metallic  elements. 

Outline  of  qualitative  analysis.  Reactions  of  the  principal  mineral 
adds  and  bases.  Course  pursued  in  the  application  of  these  reactions 
to  the  analysis  of  a  mixture  of  several  acids  and  bases. 
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Th«  following  is  the  list  of  Appaiatos  «nd  Re-agents  with  which 
Candidates  make  their  analysis  at  the  examination : — 

Apparatus. 
Iron  spoon. 
Tongs. 

Pestle  and  mortar. 
Porcelain  dishes. 
Watch  glasses. 
Porcelain  crucihle. 
Triangles. 
Test  tuhe  cleaner. 


Test  tuhes  and  stand. 
Metal  filter  stand. 
Wash  bottle  containing 

distilled  water. 
Spirit  lamp.  ^ 
Black  blowpipe. 
Charcoal  for  blowpipe 

experiments. 


Platinum  wire  and  foil. 
Funnels. 
Cut  filters. 
Sulphuretted  hydrogen 

apparatus. 
Platinum  crucible. 
Herapath's  blowpipe. 
Stirring  rods. 


Sulphuric  acid. 
Hydrochloric  acid. 
Nitric  acid. 
Hydrosulphuric  add. 
Potassa. 
Ammonia. 

Chloride  of  ammonium. 
Sulphide     of     ammo* 

nium. 
Carbonate   of    ammo- 


Re-agbnts. 
In  the  liquid  state. 

Phosphate  of  sodium. 

Chloride  of  barium. 

Chloride  of  calcium. 

Lime  water. 

Sulphate  of  calcium. 

Sulphate  of  potassium. 

Sulphate     of    magne- 
sium. 

Chromate  of  potassium. 

Oxalic  add. 

Tartaric  add. 

In  the  solid  state. 
Borax. 
Lime. 
Sulphate  of  iron. 


Acetic  add. 
Hydrofiuosilidc  acid. 
Oxalate  of  ammonium. 
Acetate  of  lead. 
Sesquichloride  of  iron. 
Ferrocyanide  of  potas- 
sium. 
Chloride  of  platinum. 
Nitrate  of  silver. 


Blue   and 
paper. 


red   litmus 


Carbonate  of  sodium. 
Nitrate  of  potassium. 
Cyanide  of  potassium. 

Subject  XI.--*Or8faaiic  Ohemiatry. 

Ultimate  analysis  of  organic  bodies.  Calculation  of  an  empirical 
formula.  Methods  of  controlling  an  empirical  formula.  Determi- 
nation of  the  equivalents  of  organic  acids  and  bases,  examination  of 
products  of  decomposition,  determination  of  the  vapour-density  of 
volatile  boHies.     Law  of  substitution. 

The  chemical  histoiy  of  the  Cyanogen  group.  Cyanogen.  Hydrocyanic 
acid.  Cyanic  add  and  urea.  Fulminates.  CyanuriC  add.  Sulpho- 
cyanic  acid.    Chlorides  of  cyanogen. 

Amylaceous  and  saccharine  substances.  Fermentation.  Alcohol,  and 
its  homologues.  Ethers,  simple  and  mixed.  Oxidation  of  alcohol. 
Aldehyde  and  acetic  acid,  and  their  homologues.  Anhydrides,  simple 
and  mixed.  Compound  ethers.  Diatomic  alcohols  and  their  adds. 
Glycol  and  oxalic  add.  Triatomic  alcohols.  Glycerine.  Fatty  and 
oily  bodies. 

Ammonia  and  its  derivatives.  Amides  and  amines  :  their  classification. 
Examples  of  natural  alkaloids. 

Principal  colouring  matters.  Indigo  and  its  derivatives.  Examples  of 
products  formed  by  destructive  distillation. 

The  chief  constituents  of  the  vegetable  and  animal  organisni,  fibrin^ 
albumen,  casein,  &c. 

The  chemical  principles  of  agriculture. 

The  chemical  principles  of  the  process  of  nutrition  and  respiration  in 
the  animal  organism. 

Text-books.  —  Graham's  Elements  qf  Chemistry,  Miller's  System  of 
Chemistryy  Fowiies'  Manual  of  Chemistry,  Gregory's  Outlines  of 
Chemistry,  Abel  and  Bloxam's  Handbook  of  Chemistry,  Galloway's 
Qualitative  Analysis, 
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Subject  XZZ. -^Oeology. 

1.  The  division  of  rocks  into  three  great  classes,  aqueous,  if^neous,  and 
metamorphic. 

2.  The  mode  of  formation  of  stratified  rocks, — marine  strata — delta 
formations  ~  freshwater  beds, — ^the  sign  by  which  you  can  distinguish 
these. 

3.  The  mode  of  occurrence  of  igneou3  rocks,  ashes,  kvas,  and  dykes. 

4.  Volcanoes  and  volcanic  phenomena. 

5.  The  theory  of  central  heat. 

6.  Elevation  and  depression  of  land. 

7.  The  ordinary  mineral  substances  that  enter  into  the  composition  of 
rocks. 

8.  Fossilization  of  organic  bodies. 

9.  Table  of  geologic^  formations,  including  those  larger  divisions 
absent  in  Britain. 

10.  Theoiy  of  metamorphism  of  rocks. 

British  Strata. 

1.  Description  of  the  Cambrian  strata  and  Silurian  strata,  their  litho- 
logicnd  characters,  disturbances  and  chief  fossils. 

2.  Description  of  the  old  red  sandstone  and  Devonian  rocks,  character 
and  fossils.  Origin  of  cleavage.  Slate  and  slate  quarries,  building- 
stones,  limestones,  and  marbles. 

3.  The  carboniferous  limestone  and  coal  measures.    Character,  fossils, 

and  mode  of  formation.  Origin  of  the  coal  of  the  coal-measures, 
and  its  mode  of  occurrence.  Mode  of  occurrence  of  the  ironstone 
of  the  coal  measures.  Various  kinds  of  eoal,  and  the  relation  of - 
anthracite  coal  to  disturbance  of  strata.  Lime  quarries,  marbles, 
and  building  stones.  Clay  pits  and  potteries  of  the  carboniferous 
strata.    Fire  clay.    Alum  shale. 

4.  The  Permian  rocks.  Their  strategraphical  relations  to  the  underlying 
strata,  composition  of  irocks,  fossils,  and  building-stones. 

5.  The  new  red  sandstone  (or  Trias),  its  subdivisions,  fossils,  building- 

stones,  sand  pits,  rock  salt,  and  brine  springs. 

6.  The  Lias.  Its  subdivisions,  chief  fossils,  building-stones,  and  other 
hydraulic  limestones,  and  clav  pits. 

7.  Oolitic  rocks.  Subdivisions,  leading  fossils,  building-stones.  Lime- 
stones.   Clay  pits,  and  other  economic  products. 

8.  The  Purbeck  and  Wealden  strata.  Origin,  subdivisions,  chief  fossils, 
building-stones,  and  marbles.    Ironstones  and  limestones.  Clay  pits. 

9.  Cretaceous  rocks.  Subdivisions,  lithological  characters,  fossils, 
building  stone  of  lower  greensand.  Gault,  its  phosphatic  nodules 
and  general  uses.  Upper  greensand,  chalk,  &c.  Building  stones. 
Origin  and  uses  of  chdk-flints.     ,         ^ 

10.  Eocene,  or  older  Tertiary  beds.  Subdivisions,  alternation  of  marine 
and  freshwater  beds,  cbief  fossils,  limestones  and  building  stones, 
clays  for  bricks  and  potteries. 

11.  Crag.    Its  subdivisions,  chief  fossils,  phosphatic  remains. 

12.  Disturbance  and  denudation  of  strata. 

13.  Unconformities,  faults,  and  fractures. 

14.  The  causes  of  gaps  in  the  succession  of  strata,  or  of  breaks  in  the 
succession  of  fife  in  time. 

15.  Water-bearing  strata,  and  underground  drainage.  Artesian  and 
other  wells. 

16.  British  rocks  in  which  ores  of  metal  are  found,  and  the  general  mode 
of  occurrence  of  these  ores  in  beds  or  lodes. 

17*  The  rules  that  ought  to  guide  the  miner  in  sinking  for  coal  and 
other  minerals,  when  the  beds  iif  which  they  lie  are  concealed  by 
over-lying  and  unconformable  strata. 
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18.  The  oceonenoe  of  stream  tin»  gold,  &e.»  in  saperfiinal  detritiu. 

19.  The  chief  differences  in  the  nsfcuie  and  mode  of  occuirence  of  various 
formations  in  areas  widely  separated  from  each  other. 

Text-hooks. — Lvell's  Princtpies  of  Geology;  Lvell's  Elements  of  Geology  / 
Phillips'  manual  of  Geology:  Jukes'  Manual  of  Geology:  Page's 
Introductory  Text-Book;  Page's  Advanced  Text-Book. 

Subject  3UZZ.— Mineralogy. 

A.  Instruction  in  this  subject  should  commence  with  a  distinct  under- 

standing of  the  characters  by  which  minerals,  properly  so  called, 
are  to  be  distinguished  from  other  inorganic  substances,  and  of  the 
position  of  this  science  in  relation  to  the  collateral  sciences  of 
physics,  chemistry,  and  geology. 

B.  Crystallography,  as  the  essential  means  of  appreciating  the  forms 

naturally  assumed  by  almost  all  inorganic  booies,  mu^  commence 
with  the  needful  geometrical  definitions,  proceed  to  the  grouping 
of  the  various  crystalline  forms  into  systems,  consider  the  laws  by 
which  the  derivation  of  one  form  from  another  within  the  limits 
of  the  same  system  is  determined,  and  explain  the  combination  of 
various  simple  forms  in  the  fiices  exhibited  by  compound  crystAs. 
Tt  is  also  important  to  study  the  deviations  £rom  regularity  which 
are  commonly  presented  in  nature,  and  the  methods  of  measuring 
those  elements  which  remain  constant. 

c.  The  various  kinds  of  aggregation  exhibited  by  crystalline  substances 
are  also  to  be  considered,  espedally  with  reference  to  masses  of  tiie 
useful  minerals,  and  of  crystalline  rocks. 

D.  Next  in  order  will  follow  the  other  physical  characters  of  mineralB ; 
1  st,  in  relation  to  their  substance,  as  cleavage,  fracture,  hardness,  and 
specific  gravity :  2ndly,  in  relation  to  the  effects  of  light,  as  trans- 
parency, refraction,  lustre,  and  colour;  3rdly,  as  to  their  electric 
and  magnetic  properties. 

IB.  The  chemical  characters  of  minerals,  and  the  most  convenient  modes 
of  testing  them;  Ist,  by  aid  of  the  blowpipe;  2ndly,  by  the 
moist  way. 

F.  Pseudomorphism,  or  the  remarkable  phenomena  presented  by  minerals 

which  have  the  composition  of  one  mineral  coupled  with  the  form 
of  another. 

G.  The  physiography  or  systematic  description  of  misends.    This  last 

division  should  include  all  the  more  remarkable  varieties  as  well  as 
species,  and  should  take  especial  note  of  the  modes  and  places  of 
occurrence,  as  well  as  of  the  association  of  particular  groups  of 
minerals  in  certain  veins  or  formations. 

As  text-books  may  be  recommended— 
Professor  Ansted's  Elementary  Course  of  Mineralogy  and  Geology. 
London.  1856. 
Nicol's  Elements  of  Mineralogy,    Edinbuirgh,  1858. 
Dana's  Manual  of  Mineralogy,  1851. 
Bristow's  Dictionary  of  Minerals,    Longman  &  Co.  1861. 

For  more  advanced  students—- 
Brooke  and  Miller's  Mineralogy.    London,  Longman,  1852. 
On    Crystallography.      Rev.  W.  Mitchell,  in  Orr's  '*  Circle  of  the 
Sciences"    London,  1856. 
Dana's  System  of  Mineralogy,    4th  edition.    Putnam,  1854. 
Naumann's  Minerahgie,    Leipzig.    Williams  and  Norgate,  London. 
Breithaupt's  Par  agenesis  der  Mineralien.     Freiberg,  1849. 
Hwdinger's  Handbuch  der  Minerahgie,     Vienna,  1845. 
When  it  is  intended  to  teach  this  subject  with  special  reference  to  the 
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pnelial  woildxig  of  minenLi,  the  pliysiograpliicttl  part  will  be  occupied 
more  particulariy  witii  certain  of  tne  useM  species  and  their  associated 
substances,  and  the  foUowiTif^  works  may  be  consulted  : — 

W.  J.  Henwood  on  the  Metalliferous  Deposits  of  Cornwall  and  Devon, 
1843. 

Bischof,  Chemical  and  Physical  Geology,  translated  by  the  Cavendish 
Society.    1854. 

Subject  XZV.— Adumal  Physiolog^y. 

The  field  presented  by  Natural  History  is  such  an  exceedingly  wide 
one,  that  candidates  are  advised  to  confine  their  studies  to  the  subjects 
enumerated  below,  and  to  master  these  as  thoroughly  as  possible.  And 
as  in  the  Natural  Sciences,  the  knowledge  which  is  obtainable  by  mere 
reading  is  of  very  little  value,  candidates  are  particularly  recommended 
to  study  nature  for  themselves,  and  to  become  personally  acquainted 
with  the  primary  facta  of  Biological  Science.  Thus  in  Physiology,  the 
fundamental  truths  relating  to  circulation,  muscular  contraction,  and 
nervous  action,  may  all  be  readily  exemplified  by  simple  experiments  upon 
the  common  frog ;  and  in  Systematic  Zoology  and  Botany,  the  careful 
study  of  the  structure  of  the  animal  and  vegetable  forms  enumerated 
.  under  the  head  of  "  types'*  will  furnish  a  better  conception  of  the  animal 
and  vegetable  worlds  than  any  amount  of  mere  reading.  Candidates  will 
therefore  be  expected  to  be  thoroughly  and  practicaUy  acquainted  with 
the  fundamental  facts  of  Physiolo^,  and  in  Zoology,  with  all  the  most 
important  and  distinctive  characteristics  of  such  ox  these  typical  genera 
as  are  illustrated  by  British  species. 

Candidates  should  have  carefully  studied  what  is  stated  upon  the 
subjects  enumerated  below  in  any  good  handbook  of  Physiology. 

The  general  properties  of  living  matter  in  respect  of  form,  struc- 
ture, and  chemical  composition.  The  meaning  of  the  terms  organ, 
organization,  function,  development.  The  difference  between  &gh 
and  low  organization.    The  division  ofphysiological  labour. 

Why  the  living  organism  wastes.  The  difference  between  vital 
and  putrefactive  decomposition.  The  conditions  and  ultimate  pro- 
ducts of  vital  decomposition.  The  living  body  considered  as  a 
machine  performing  a  certain  amount  of  work. 

Why  food  is  necessary.  The  difference  between  the  food  of 
plants  and  that  of  animals.  The  nature  of  the  substances  which 
constitute  the  food  of  man.  The  proximate  chemical  composition 
of  milk,  flour,  meat,  butter,  potatoes,  oatmeal,  peas,  rice,  tea,  coffee, 
beer,  wine,  and  spirits ;  and  the  distinction  of  the  proximate  ele- 
ments of  each  into  nutritious  and  innutritions. 

Why  digestion  is  necessary,  and  how  that  function  is  performed 
in  the  human  organism.  The  structiure  of  the  organs  by  which  the 
following  substances  are  formed,  and  their  uses :  saliva,  gastric  juice, 
pancreatic  juice,  bile.  How  the  nutritious  products  of  digestion 
are  separated  from  the  excrementitious  residuum.  The  process  of 
absorption.  The  means  by  which  absorbed  matters  are  conveyed  to 
all  parts  of  the  organism.  The  structure  and  composition  of  human 
blood.    The  course  and  mechanism  of  the  circulation. 

Why  the  elimination  of  waste  products  is  necessary.  Excretion 
of  carbonic  acid.  The  mechanical  and  physical  principles  involved 
in  the  performance  of  the  respiratoiy  process  in  man.  The  excretion 
of  urea  and  uric  acid.  The  structure  of  the  urinary  apparatus,  and 
the  mechanical  and  physical  principles  involved  in  its  action.  The 
excretion  of  water  as  a  part  of  the  foregoing  processes,  and  as 
effected  by  the  skin.  The  structure  and  other  functions  of  the  skin. 
The  mutual  relations  of  the  three  great  excretory  apparatuses. 

The  conditions  and  sources  of  animal  heat.  The  circulatory 
system  of  man  viewed  as  a  hot-water  warming  apparatus.  The  fuel 
of  the  animal  economy  and  its  sources. 
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Animal  mechanics.  Hie  liuman  body  as  a  locdmdiTe  appmtas; 
The  structure  of  bones  and  joints.  The  structure  and  properties  of 
muscle. 

The  structure  and  functions  of  nervous  matter.  The  offices  of 
the  spinal  cord  and  brain.  The  nature  and  mode  of  action  of  .the 
sensory  organs.  Reflex  action.  Habit,  as  aoqiured  reflex  action. 
Instinct.     Intellectual  and  emotional  operations. 

The  nature  of  death,  and  the  difference  between  general  and  local 
death. 

Local  death : — 1st,  as  a  part  of  life ;  e.g,  moulting,  shedding  of  skin 
and  teeth.    2nd,  as  opposed  to  life ;  e.g.  sloughing  and  mortification. 

General  death : — 1st,  as  the  natural  conclusion  of  Hfe.  2nd,  as 
arising  from  disease  or  injuiy.  Usual  commencement  of  death  in 
the  nervous  centres,  the  heart  or  the  lungs. 

Reparative  processes : — 1st.  Local,  as  exhibited  in  the  reproduction 
of  lost  parts,  healing  of  wounds,  &c.  2nd.  General,  as  shown  in 
the  reproduction  of  the  individual  by  sexual  generation.  The  origin 
and  development  of  the  embryo.  The  nutrition  of  the  foetus  and  of 
the  infant.  Hereditary  transmission,  and  the  modification  of  phy- 
sical and  mental  characters  by  education,  as  the  basis  of  a  rational 
belief  in  the  possibility  of  human  progress. 

'  Subject  XV.— Zoolog^y. 

Candidates  should  have  carefully  mastered  the  definitions  of  the 
sub-kingdoms,  classes,  and  orders  of  the  Animal  Kingdom.    They 
should  understand  and  be  able  to  explain  the  meaning  of  the  terms 
employed  in  such  definitions ;  and  they  should  be  able  to  refer  any 
specimens  that  may  be  placed  before  them  to  their  proper  classes. 
Candidates  should  be  able  to  give  fair  answers  to  questions  relating 
to  any  or  all  of  the  following  subjects,  and  they  should  be  able  to 
identify,  refer  to  their  proper  orders,  and  if  called  upon  to  do  so, 
describe,  the  objects  enumerated  in  each  section  under  the  hoEui  of 
''types."    In  almost  all  cases  these  '*  types  "  are  British  animals. 
By  the  tenn  Natural  History,  of  such  and  such  an  object,  is  meant 
such  an  account  of  it  as  is  to  l>ie  found  in  any  standard  modern  work  on 
Zoology. 

i.  The  structure  and  mode  of  multiplication  of  infusorial  animal- 
cules and  ForanUnifera.  The  arguments  which  have  been  adduced 
for  and  against  spontaneous  generation.  The  luminosity  of  the 
sea,  and  the  nature  of  the  creatures  which  chiefly  cause  it.  The 
natural  history  of  the  sponge  of  commerce.  T^pes — Spongia, 
Vorticella, 

ii.  The  meaning  of  the  terms,  zoophyte,  coral,  coralline.  Natural 
history  of  the  red  coral  of  commerce.  Common  coral  and  coral 
reefs.  What  such  reefs  are,  where  they  are  formed,  and  how  they 
grow.  Natural  history  of  the  common  freshwater  polype,  or  hydn, 
and  of  the  ''  jelly  fishes,"  or  "  medusae  "  of  the  sea.  A  sexual 
multiplication  as  exhibited  by  these  creatures.  Types — Hydra, 
Sertularia,  Plumidaria,  Actinia,  CoraUium,  Fungia,  OcuUna, 

iii.  Starfishes,  sea  urchins,  and  Holothurue ;  their  structure  and 
habits,  and  the  metamorphoses  which  they  undergo.  Natural  and 
economical  history  of  Trepang.    Types — Uraster,  Echinus. 

iv.  Natural  history  of  the  earthworm  and  the  leech.  Intestinal 
worms;  their  structure,  propagation,  and  mode  of  entrance  into 
animal  bodies.  Natural  nistory  of  the  Rottfera.  Types — Lumbri- 
cus,  Hirudo,  Distoma,  Taenia,  Ascaris, 

V.  Natural  history  of  Crustacea.  The  lobster  and  crayfish,  as 
exemplifying  morphological  and  teleologioal  laws.  The  process  of 
ecdysis.    Barnacles,  acorn  shells,  and  fish  lice,  as  cases  of  extreme 
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metamon^oaw.  The  water  flea  as  exemplifying^  a  sexual  multipli- 
cation. Types — Cancer,  Homarus,  Astacw,  Oniscw,  Daphma,  Cy- 
clops, Lepas,  Balanus,  Argulus, 

vi.  Natural  history  of  spiders,  scorpions,  and  mites.  The  "  itch 
insect,"  centipedes,  and  millipedes.  Types — Tegenaria,  Scorpio, 
Scolopendra,  Julus, 

vii.  Insects ;  their  mode  of  breathing  as  contrasted  with  that  of 
spiders  and  crustaceans.  The  structure  of  their  wings,  and  the 
mechanism  of  flight.  The  parts  of  the  mouth  and  their  modifi- 
cations in  beetles,  bees,  butterflies,  bugs,  and  ^nats.  Structure  of 
the  eyes.  Nature  of  stings,  saws,  and  ovipositors.  Natural  and 
economic  history  of  the  blistering  beetle,  of  the  silk  moth,  of  the 
bee,  of  the  cochineal  insect.  Natural  history  of  plant  lice,  of  bugs, 
fleas,  and  lice.  The  house  fly,  blow  fly,  and  gnat ;  wasps,  humble 
bee,  ichneumon  flies ;  "  black  beetles,"  crickets,  and  locusts.  The 
metamorphoses  of  insects.  Typ^s — Mehlontha,  Blatta,  LibeUula, 
Phryganea,  Coccus,  Aphis,  Bombyx,  Apis,  Vespa,  Musca, 

yiii.  The  characteristic  peculiarities  of  the  nervous,  circulatory, 
respiratory,  and  locomotive  organs  of  mollusks  in  general.  Orga- 
nization of  ''sea  mat"  {Flustra).  Ascidians  and  "lamp  shells" 
(Terebratula).  Natural  history  of  fresh-water  and  marine  mussels. 
Nature  of  mother  of  pearl.  Formation  of  pearls.  Pearl  fishery. 
Natural  and  economical  history  of  the  oyster.  Organization  of  snails 
and  slugs,  periwinkles,  limpets,  whelks.  Development  of  the  young 
of  the  latter.  Nidamental  capsules.  Cuttlefishes  and  squids. 
Paper  nautilus.  Pearly  nautilus.  The  shipworm  and  Pholas, 
Mechanism  bv  which  mollusks  bore.  Types — Flustra,  Ascidia, 
TerebrtUula,  Unio,  Mytihs,  Ostrea,  Pecten,  Helix,  Patella,  LUiorina, 
Bucdnum,  Chiton,  Sepia,  Loligo,  Argonauta,  Nautilus, 

ix.  Circulatory,  respiratory,  and  reproductive  organs  of  fishes. 
Their  dentition.  Natural  and  economical  histoiy  of  the  lamnrcnr, 
spraty  sardine,  herring,  pilchard,  saknon,  trout,  eel,  cod,  haddiock,^ 
sole,  flounder,  turbot,  mackerel,  tunny,  sturgeon,  skate,  ray,  dog' 
fish,  shark.  Electrical  fishes.  Fishes  which  are  capable  of  living 
in  air.  Pisciculture,  or  the  artificial  breechng  of  fisnes.  Tfpes — 
Amphioxus,  Petromyzon,  Syngnathus,  Cyprinus,  Perca,  Accipenser, 
Lepidosteus,  Raia,  Spinax, 

X.  Natural  hist(»7^  of  salamanders,  newts,  firogs,  and  toads. 
Metamorphoses  undergone  by  their  young.  Types — Salamandra, 
Triton,  Eana. 

xi.  Circulatory  and  respiratory  organs  of  reptiles  as  distinguished 
from  those  of  fishes  and  ampmbia.  Natural  history  of  snakes, 
lizards,  crocodiles,  turtles,  and  tortoises.  Tortoise-shell.  Shedding 
of  the  skin  in  reptiles.  Types — Coluber,  PeUas,  Anguis,  Lacerla, 
CrocodUus,  Testudo,  Chelone. 

xii.  Organs  of  locomotion,  respiration,  voice,  circulation,  and  re- 
mroduction  of  buds.  Structure  and  mode  of  growth  of  feathers. 
Development  of  the  fowl's  egg.  Artificial  hatdiing.  Migration, 
and  instincts  of  birds.  Natural  history  of  domestic  birds ;  of  the 
ostrich,  the  apteryx,  the  penguin,  and  the  dodo.  Types — Faloo, 
Corvusy  CohmbOy  Picus,  Phasianus,  Ardea,  Stnttbio,  Anser* 

xiii.  Organs  of  respiration,  circulation,  and  reproduction  of 
mammals.  Production  and  nutrition  of  their  young.  Placental 
and  implacental  mammals.  Nature  of  milk  and  of  the  lacteal 
glands.  Peculiarities  in  the  dentition  of  mammals.  Natural  and 
economic  history  of  the  domestic  manunals ;  of  the  ivory  and  far 
yielding  mammals;  of  seals;  of  whales.  The  hybernation  and 
migration  of  mammals.  Characters  of  the  orders  of  mammals. 
lypes^-PercoptV^^,  Vespertilio,,  ^rinaceus,  Lqmst  Ekphas,  Bus, 
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Cersus,  Bos,  (his,  FeUs,  Pkoea,  Pkoetma,  Dasjfpus,  Htdmaturus, 

Omithorhynchus. 
xiv.  The  distinctive  peculiarities  of  man.    The  characters  of  the 

principal  races  oi  mankind,  and  their  geographical  distribution. 
Text-books  for  Physiology. — Carpenter's  Animal  Physiology,  Bohn,  1859 ; 

Dr.  Kirke's  Manual  j  Andrew  Combe's  Physiology  applied  to  Health 

and  Education,    For  Zoology. — Dallas's  Natural  History  of  Animals  j 

Orr^s  Circle  of  the  Sciences  j  Goase' a  Manual  of  Marine  Zoology  i 

Professor  Green's  Manual  of  the  Protozoa, 
Subjeot  ZVI. — Vei^table  Pbjrsioloirjr  and  Bconomio  Botany. 
In  this  department  the  candidate  will  be  expected  to  answer  correctly 

questions  on  the  following  points : — 

1.  Tne  properties  of  the  principal  elements  entering  into  the  composition 

of  plants.  Carbon,  oxygen,  hydrogjen,  nitrogen,  sulphur,  phos- 
phorus, chlorine,  iodine,  silicon,  potassium,  sodium,  calcium,  iron. 

2.  The  composition  and  properties  of  the  compounds  forming  the 
principal  part  of  the  structure  of  plants.  Cellulose,  starch,  dextrine, 
sugar,  fixed  oil,  gluten,  albumen,  caserne.  The  saline  compounds 
forming  the  ashes  of  plants. 

3.  The  composition  and  properties  of  peculiar  vegetable  products.  Vo- 
latile oils.  Acids.  Colouring  matters.  Alkaloids.  Neutral  principles. 
Chlorophyll. 

4.  The  origin  and  growth  of  the  vegetable  cell.    The  tissues  of  plants. 

Cellular  tissue.  Intercellular  organs.  Epidermal  lissue.  Hairs. 
Stomates.    Vascular  tissue.    Woody  tissue. 

5.  The  structure  and  functions  of  the  organs  of  plants.    The  root. 

Spongioles.  Absorption  and  excretion.  Nature  of  vegetable  food. 
The  stem.  Structure  of  Exogenous,  Endogenous,  and  Acrogenous 
stems.  The  leaf.  The  forms  of  leaves.  Exhalation.  Stipules  and 
bracts.  The  flower.  Calvcine,  Corollal,  Staminal,  and  Carpellary 
leaves.  Development  and  nature  of  pollen.  Ovules  or  seed  buds. 
Vegetable  impregnation.  Embiyo.  Seed.  Fruits ;  their  nati!ure  and 
forms.    The  nature  of  the  reproductive  organs  in  flow^less  plants. 

6.  The  composition  and   nature  of  vegetable  substances  used  by  man 

as  food.  Distinctions  between  heat-^ving  and  flesh-forming  foods. 
6tmcture  and  geographical  distribution  of  plants  yielding  starch, 
sugar,  oil,  gluten,  albumen,  and  legumin. 

7.  Properties  of  vegetable  substances  used  in  the  arts  and  manufactures. 
Vegetable  secretions  used  as  dyes. — Indigo,  madder,  logwood,  red 
Sanders  wood,  quercitron,  alkanct,  amotto,  gall-nuts,  myrobolans. 

8.  Materials  used  m  the  manu^Eicture  of  textile  fobrics. — ^Cotton,  flax, 
hemp,  coco-nut,  jute.  New  Zealand  flax. 

'    9.  Principal  forms  of  tunber  trees,  and  their  uses.-— Oak,  mahogany, 
teak,  pine,  &c. 

10.  Nature  of  tanning  principles  and  plants  yielding  tannic  acid. — Oak- 
bark,  valonia,  catechu,  kino,  divi-divi,  betel-nut. 

11.  Gums,  oils,  and  resms  used  in  arts.— -Gum  arabic,  benzoin,  rosin, 
turpentine,  camphor,  essential  oils,  coco-nut  oil,  palm  oil,  oth^ 
fixed  oils,  caoutchouc,  gutta  pertsha. 

12.  Substances  obtained  fh)m  the  vegetable  kingdom  and  used  as  medi- 
cines.— Opium,  quinine,  tobacco,  jalap,  scammony,  gentian^  aloes, 
rhubarb,  senna,  ipecacuanha,  sarsaparilla,  castor-oil,  assafoetida, 
myrrh,  mix  vomica,  hemlock. 

Text-books  for  Vegetable  Physiology  and  Economicf  Botany. — Henfrey's 
JElementary  Course  of  Botany  ;  Van  Voorst.     Carpenter's  Vegetable 
Physiology,  edited  by  Dr.  Lankester;   Bohn.      Schleiden's  Prin- 
ciples of  Scientific  Botany  ;  Bohn.    A  Manual  of  Structural  Botany 
.    by  M.  C.  Cooke.    Archer's  Popular  Economic  Botany;  Re^e  and 
"    Co.  hmdhy's  Medical  and  (Economical  Hofany;  Bradbtny  ttti^Evans, 
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In  this  dqMfftment  the  cuididate  will  be  expected  to  demonstrate  the 
structuTe  of  plants  from  liying  spechnens. 

1.  The  distinctions  between  the  three  great  classes  of  plants^  Dico* 
tyledons,  Monoootjledons,  and  Aeotyledons.  Also  of  the  groups 
Gjinnosperms,  Rhizanths,  Dictyogens^  Acrogens,  and  Thallogens. 

2.  The  characters  of  the  following  orders  of  British  plants  should  be 
mastered^  and  the  typical  genera  recognized,  and  their  structure 
understood. 

3.  Alffa.  The  natural  history  and  uses  of  sea-weeds.  The  microscopic 
structure  of  diatoms  and  desmids.  Nature  of  the  reproductive 
organs  in  this  order,  l^es — NamctUa,  Desmidium,  Conferva,  Fucus, 
CeTomtun, 

4.  Liehena.  The  natural  history  aud  uses  of  lichens.  Structure  of  their 
reproductive  organs.    Types — Graphis,  Collema,  ParmeUa, 

5.  Fwufi.  The  natiual  hist(»y  of  mushrooms,  pu£P-balls,  moulds,  blights, 
and  toadstools.  Their  uses  in  nature.  Types — Agaricus,  Bovista, 
Torula,  Amergillus,  MorcheUa,  Mucor, 

6.  Mosses,  Tiie  nature  of  their  reproductive  organs.  Types— Bryttwt, 
Sphagnum,  Funaria. 

7.  rerns.  Nature  of  their  rhizomes.  Herbaceous  and  tree  ferns. 
History  of  Development,  and  nature  of  reproductive  organs.  Tjrpes 
— PoJypodiwn,  Hymenophyllum,  Osmunda, 

8.  Graminacea.  The  history  of  grasses  and  their  uses.  Nature  of  the 
flower  in  this  order.  Uscfiil  plants  of  the  order.  Types — Phleum, 
HydrocMoa,  Panicum,  Agrostis,  Arundo,  Spartina,  Avena,  Festuca, 
Hordeum,  Triticum,  Secale,  Nardus,  Anathtrum, 

9.  Cyperacea,    Sedges.    Types — Carex,  Scirpus, 

10.  Liliacea.  The  lily  tribe,  its  useful  properties.  Types — Jhilipa, 
Omithogalum,  Muscari, 

11.  AmaryUidacea,  The  family  of  the  narcissus,  snow-drop,  snow-flake. 
Types — Narcissus,  Galanthus, 

12.  Orchidacea,  The  orchis  family.  Structure  of  reproductive  organs. 
Tjrpes — Orchis,  Goodyera,  MaUueis,  Cypripedium, 

13.  AmentacetB.    The  faimly  of  the  hazel,  chestnut,  oak,  willow,  birch, 

beech,  poplar,  and  hornbeam.  The  uses  of  these  plants  as  timber, 
&c.  Types — Quercus,  Corylus,  Fagus,  Castanea,  Betula,  Myrica, 
Salix,  Populus. 

14.  Urticaeea.  The  nettle  and  hop  tribe.  Its  relations  to  Moracea, 
Artocarpaca,  CannahinacetB,  and  Ulmacem,  The  nature  of  the 
stints  of  UrticOi  and  the  bitter  principle  of  the  hop.  Types —  Urtica, 
Partetaria,  Humulus, 

15.  Euphorbiacea.    The  spurge  family.    Foreign  forms  and  their  uses. 

Croton,  Cascarilla,  Rtcinus,  Janipha,  Apetalous  and  Polypetalous 
forms.    Types — Euphorbia,  Buxus, 

16.  PolygonacecB.  The  buckwheat  and  rhubarb  tribe.  Types — Poly~ 
gonum,  Rumex, 

17.  Primulacete.    The  primrose  family.    Theory  of  the  peculiar  position 

of  stamens.    Types — Primula,  Lysimachia, 

18.  Labiata,  The  dead  nettle  tribe.  Peculiar  properties  of  this  order. 
Types — Mentha,  Salvia,  Thymus,  Nepeta,  Lamium,  Teucrium, 

19.  ScrophulariaceiB,  The  scrophularia  tribe.  Nature  of  the  poisonous 
properties  of  the  order.  Types — Scrophularia,  Digitalis,  Verbascum, 
Euphrasia,  Veronica,  Melampyrwm, 

20.  Boraginacete,  The  borage  tribe.  Peculiarities  of  their  epidermis. 
Usej^  species.  Types — Cynoglossvm,  Borago,  Echium,  Myosotis 
Lithospermum. 

21.  Solanacete.  The  tribe  of  deadly  nightshade,  henbane,  tobacco,  and 
potato.  Usefnd  and  poisonous  species.  Tfpes — Soktnum,  Atropa, 
Hi/oseyaihtts,  Datura,  r^^^^T^ 
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22.  Ericaeem.  The  heath  tribe.  Its  distmdMn  fxom  EpacridaeetB. 
Tjp&s^EHm,  ArAutu9,>Vii^ckmi^  Pifrelu,  Mmotropm. 

23.  ComposittB,  The  composite  family.  The  number  of  apecies  and 
g^eographical  distribution.  Structure  of  the  sub-orders  Asteracm. 
Ciohoracem,  and  Cynaracea,  Types — Tussilago,  Aster,  Inula,  Cfna- 
phalium,  Bellis,  Artemisia,  Achillea,  Carlina,  Carduus,  Cichorium, 
Leontodon,  Lactuca,  Crepis. 

24.  Stellat(B,     The  Stellate  tribe.      Its  relation    to   Cinchonacea   and 

CaprifoliacetB,    The  properties  and  useful  plants  of  Cinchonaceat. 
Types — Galium,  Rubia, 

25.  UnUfellifera.  Umbel  bearing  plants.  Character  of  inflorescence 
and  flowers.  Nature  of  fruit.  Structure  of  cremocarp.  Proper- 
ties of  the  order.  Types — Hydrocotyle,  Sanicula,  Eryngium,  Apium, 
Sium,  jEthusa,  (Enanthe,  Crithmum,  Angelica,  Pastinaca,  Baucus^ 
ToriliSy  Scandix,  Conkun,  Cariandrum, 

26.  Cucurhitaceoi.  Melon,  cucumber^  and  gourd  family.  Useful  piants 
of  this  order.    Type — Bryonia. 

27*  RosaceiB.  The  rose,  apple,  cherry,  and  plum  tribe.  Forms  of  the 
fruit.  The  useful  plants  of  this  order.  Types — Prunus,  Spir^a, 
Fragaria,  Rubus,  Geum,  Rosa,  Cratagus,  Pyms. 

.28.  Leguminoaa.  The  bean,  pea,  and  clover  family.  Principal  divisions 
of  the  family.  Structure  of  the  flowers  and  fruits.  Useful 
plants  of  the  order.  Types — Ukw,  Trifolium,  Vicia,  Astragalus, 
Omithopus. 

29.  Crucifera.  Cabbage,  turnip,  and  mustard  tribe.  Structure  of  the 
flowers  and  fruits.  Useful  plants  of  the  order.  Properties.  Types — 
Nasturtium,  Alliaria,  Brassica,  Sinapis,  Armorasia,  Iberis,  tsatis^ 
Crambe,  Cakile. 

30.  Papaveracea.  The  poppy  tribe.  Properties  and  mode  of  collecting 
opium.    Nature  of  fruit.    Types — Papaver,  Glaucium,  Chelidonium. 

31.  RanunculacecB.  The  crow-foot  tribe.  Structiure  of  abnormal 
genera ;  Aconitum,  Aquilegia,  and  Delphinium.  Nature  of  poison  in 
order.     Types — Ranuncultts,  Clematis,  Hellehorus,  Paonia,  Anemone. 

Text-books  for  Systematic  Botany. — lindley's  Vegetable  Kingdom.  For 
Brilish  Botany. — Bentham's  Handbook  of  the  British  Flora,  or 
Babington's  Manual  of  British  Botany, 

Subject  XVZZZ.— Mining. 

The  Art  of  Mining  embraces  so  wide  a  field  of  study  that  equal  prac- 
tical proficiency  in  its  various  branches  is  not  to  be  expected ;  but  those 
who  wish  to  gain  a  general  knowledge  of  it  may  be  recommended  to 
direct  their  attention  to  the  subjoined  heads,  viz. : 

1.  Geology  and  Mineralogy,  more  particularly  tholse  portions  of  the 
sciences  which  bear  on  the  following  subjects, — the  nature  and  position 
in  the  earth's  crust  of  the  useful  minerals,  the  classes  of  rock  with 
which  they  are  severally  associated,  the  special  character  of  heaves» 
throws,  troubles,  and  aU  kinds  of  dislocation;  the  particular  differences 
between  beds  and  lodes,  and  their  minerals,  and  the  chief  features  of 
irregular  repositories. 

2.  The  methods  of  prospecting  and  searching  at  surface  for  ores  and 
other  minerals. 

3.  Breaking  of  ground ;  the  various  implements  employed^  their  form, 
dimensions,  and  weight ;  boring  for  shots ;  the  various  modes  of  firing 
charged.  Heavy  charges,  how  calculated  and  fired;  rules  for  ensuring 
safety. 

4.  Deep  boring,  under  what  circumstances  appHcable, — apparatus  for ; 
description  of  varieties  in  use ;  lining  of  bore-holes. 

5.  Management  and  supervision ;  payment  of  men  employed  at  mines, 
at  surface  and  underground,  varying  in  principle  with  the  diffSerent 
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claases  of  operation ;  neMOiw  for  iat-woi^i  or  ueM-work,  and  tribute  or 
bing-tale  under  different  ciroumitaaoeB.  Oaleulations  for  cost  of  driving, 
sinking,  tmrnming,  &e. 

6.  Physical  principles  of  ventilation ;  practice  of  mines  where  simple 
natural  ventilation  is  employed ;  ventilation  of  large  areas  and  of  deep 
or  complicated  workings  by  guiding  the  natural  current;  artificial 
means,  and  their  details,  for  promoting  ventilation.  I^recautions  to  be 
taken  under  specially  dangerous  conditions. 

7.  Illumination,  of  various  kinds,  their  economy;  safety  lamps  in  all 
ihiax  best  modifications;  circumstances  under  which  they  should  be 
employed ;  precautions  in  their  use. 

8.  Mechanical  division  of  the  subject.  Strength  of  materials  used  in 
mines ;  human  and  horse  power,  principles  and  construction  of  machines 
to  which  they  are  applied.  Hyaraulic  machines  :  construction  of  the 
water-wheels,  turbines,  and  pressure  engines  most  suitable  to  the  various 
operations  of  mining.  Steam  engines,  for  pumping  and  for  winding ; 
arrangement  and  construction  of  the  varieties  most  in  use.  Form  and 
dimensions  of  boilers.  Pumps  employed  in  mines,  mode  of  placing 
them ;  construction  of  the  lifts ;  matenals  and  details  of  the  rods,  set- 
offs, counterbalances,  cisterns,  and  catdies.  Circumstances  under  which 
dams  are  erected  in  shafts  or  levels ;  mode  of  building  them. 

Tubbing  of  water  from  shafts;  conditions  under  which  it  may  be 
done ;  de^s  of  the  operation  with  various  materials,  wood,  brick,  stone, 
cast  and  wrought  iron. 

Kails,  waggons,  and  tubs  for  underground  conveyance ;  employment 
of  horses  and  of  fixed  steam  engines  for  this  purpose. 

Raising  of  the  mineral  through  the  shafts ;  various  methods  in  use ; 
chains,  ropes  (of  hemp  or  wire),  their  weight,  &c.  Details  of  the  best 
application  of  drums,  cages,  guides,  keeps,  and  safety  doors.  Pulleys 
and  shaft  frames  or  poppet  heads;  protection  against  over-winding; 
safety  clutches,  &c.  in  case  of  breakage  of  rope. 

9.  Opening  of  ground ;  quarries  and  open  work ;  driving  of  levels, 
various  dimensions  and  directions  according  to  circumstances ;  sinking 
of  shafts,  inclined  or  perpendicular;  advantages  of  either  kind  under 
certun  conditions ;  means  of  securing  levels  and  shafts  by  timber  or  by 
walling ;  details  of  the  various  methods.  Driving  or  sinking  in  heavy 
or  running  ground. 

•  10.  Working  excavations;  plan  of  laying  them  out,  and  means  of 
security  to  be  adopted  whilst  they  are  kept  open.  This  will  include  the 
stoping  of  metalliferous  veins,  and  the  various  modifications  of  post  and 
stall,  long-work,  &c.,  which  are  applied  to  stratified  deposits.        f 

11.  Travelling  in  shafts ;  prevention  of  accidents  by  proper  fitting  and : 
dividiing;  mode  of  placing  ladders  and  sollars ;  lifting  machine  for  men, 
construction  and  advantages  of. 

12.  Dressing  of  minerals.  Arrangement  of  dressing  floors.  Con- 
structioh  of  crusher  and  stamps ;  washing  of  coal ;  jigging,  concen- 
tration, and  separation  of  metallic  minerals. 

Tho  student  may  be  advised  among  other  sources  of  information  to 
QOOBolt  the  following  works : — 

De  la  Heche's  Report  on  Cornwall  and  Devon,  Green  well's  TVeatise 
on  Mtne-Engineering,  Dunn  on  the  iVinning  and  Working  of  Col- 
.  lieries,  Hcdley  on  Colliery  Working  and  Ventilation,  Evidence 
before  Committees  of  the  Houses  of  Lords  and  Commons  on  Acci*  . 

■dents  in  Mines,  Reports  of -H.M,  Inspectors  of  Coal  Mines. 
Transactions  of  the  Northern  Institute  of  Mining  Engineers. 
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I.  XatfoaiMttoB. 

On  certain  physical  properties  of  metals.  Action  of  heat,  specific 
ffravity,  orstallixation,  fracture,  malleability,  ductility,  tenacity,  con- 
ductivity of  heat  and  electricity,  opacity,'  lustre,  colour.  General  con- 
siderations on  metallurgical  processes.  Modes  of  occurrence  of  metals 
in  nature,  ores,  reduction,  smelting,  roasting,  liquation,  slags. 


General  remarks,  calorific  power,  calorific  intensity,  classification  of 
fiiels,  wood,  peat,  lignite,  coal,  charcoal,  coke,  gaseous  fuel  and  gas 
furnaces,  charcoal  buminff,  coke  burning,  typical  varieties  of  coke  ovens, 
comparison  of  fuels  with  respect  to  calorific  power.  This  Important 
branch  of  the  subject  is  treated  with  much  detail. 

HZ.  Xefraetorjr  materiala  employed  la  tbe  eonetmetioii  of 
ftumaoeep  omoibles*  4u». 

Fire-clays  British  and  foreign,  crucibles  of  various  kinds,  plumbago 
and  its  aj^plication  to  crucibles,  manufacture  of  crucibles,  ue-bricLs, 
silica  and  its  applications,  Dinas  fire-bricks,  sand  and  sandstones. 
ZV.   Bpeelal  Metallmvy- 

Copper. — Compounds  of  special  importance  in  the  metallurgy  of  this 
metal  fully  described,  such  as  the  disulphide,  oxides,  &c.,  ores  of  cop- 
per, copper-smelting  in  reverberatory  and  blast  furnaces,  reactions 
occurring  in  the  process,  kernel-roasting,  'wet'  methods,  oi  extracting 
copper  from  its  ores,  assaying  of  copper  ores  by '  diy '  and  '  wet '  methods, 
ship  sheathing. 

Zinc, — In  describing  the  metallurgv  of  zinc  and  the  following  metals, 
the  same  plan  will  be  followed  as  in  describing  the  metallurgy  of  copper, 
that  is  to  say,  the  compounds  of  special  metallurgical  imiK)rtance  will  be 
first  considered  in  detail,  as  well  as  the  reactions  upon  which  the  various 
processes  of  smelting  essentially  depend,  and  the  construction  of  the 
nimaces  will  be  fully  explained.  Ores  of  zinc,  English,  Belgian,  Silesian, 
and  Carinthian  methods  of  extraction,  assaying  of  zinc  ores  brass,  its 
history,  properties  and  manufacture. 

Lead, — Ores  of  lead,  lead  smelting  in  the  *  ore-hearth,'  low  blast,  and 
reverberatory  furnaces,  lead-fume  and  various  methods  adopted  for  its 
condensation,  assa^ng  of  lead  ores. 

Silver, — Ores  of  silver ;  smelting  of  silver  ores  with  lead ;  cupellation ; 
desilverization  of  lead  by  Pattinson's  process,  also  by  that  of  Parkes ; 
treatment  of  arffcntiferous  copper  by  liquation;  extraction  of  silver; 
amalgamation,  the  old  Freiberg  method  and  the  Mexican ;  Ziervogeland 
Augustin's  'wet'  methods;  treatment  of  argentiferous  oopper-regulus ; 
alloys  of  silver  and  copper;  standard  silver ;  assaying  of  nmr  ores  and 
alloys. 

uoM.*— Modes  of  occurrence  of  gold  ia  nature ;  extraction  by . amalgam 
mation  and  by  smelting  with  lead;  chlorine-water  as  a  solvent  for  the 
extraction  of  p^old  from  certain  ores ;  separation  of  gold  from  silver  or 
parting  by  mtric  and  by  sulphuric  acids;  allovs  of  gold  with  the 
preceding  metals;  standard  alloys;  assaying  oi  auriferous  ores  and 
alloys. 

Mercury, — Ores  of  mercury;  extraction  in  the  Almaden,  Idrian,  and 
Uahner  furnaces ;  in  retorts  in  admixture  with  reducing  agents ;  assaying 
of  tiie  ores  of  mercury. 

Antimony, — Ores  of  antimony ;  liquation  of  the  native  sulphide  and  its 
subsequent  reduction  by  iron  or  other  agents ;  alloys  of  antimony,  type 
metal,  &c. ;  assaying  of  the  ores  of  antimony. 

Bimufh, — Mode  of  occurrence  in  nature;  its  extraction  from  ores 
containing  it  by  liquation ;  alloys  of  bismuth. 
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Niekel. — Oito  of  niokfll;  modes  of  extraotion,  g«nenlly  by  a  com- 
bination of  dry '  and  '  wet '  prooesaeB ;  allo^rs  of  nickel,  especially  those 
known  as  Geiman  silver ;  assaying  of  nickeliferous  ores  and  alloys. 

Cobalt.-rOies  of  cobalt ;  smelting  and  preparation  of  wiite  and 
cobalt  colours,  smalts,  &c.;  separation  of  nickel;  assaying  of  cobidtores» 

Arsenic* — Mode  of  occurrence  in  nature;  arsenious  acid  or  'glass'  of 
arsenic,  generally  obtained  as  a  secondary  product  in  the  treatment  of 
certain  other  ores,  such  as  those  of  nickel,  cobalt,  &c. ;  modes  of  con- 
densation of  arsenical  fumes ;  preparations  of  arsenical '  glass,' 

Tin, — Ores  of  tin ;  smelting  in  reverberatory  and  blast  ftimaces ;  tin  • 
refining ;  varieties  of  tin  in  conomerce;  alloys  of  tin,  with  the  preceding 
metals,  bronze,  gun-metal,  bell-metal,  &c. ;  assaying  of  tin-ores. 

Iron. — MalleiS)le  iron ;  steel ;  pig-iron ;  ores  of  iron,  direct  extraction 
of  iron  in  the  malleable  state  from  the  ore;  smelting  of  iron  in  the 
modem-blast  fumaoe;  construction  of  blast-furnaces  and  blowing 
machines ;  economic  application  of  the  waste  gases ;  conversion  of  pig  into 
bar  iron  in  open  hearths  and  in  the  reverberatory  fumaoe ;  manufusture 
of  steel  by  various  methods.  This  department  of  the  subject  will  be 
treated  at  considerable  length. 

Various  Metals. — Platinum  and  its  associated  metals;  cadmium; 
sodium;  almninium;  tungsten;  titanium;  manganese. 


Subject  3CX.— Navigation. 

1.   Elementary    Principles, — Problems  relating  to  latitude,  longitude; 

differences  of  latitude,  and  differences  of  longitude. 
Relation  between  an  arc  of  a  parallel  of  latitude  and  an  arc  of  the 

equator.    Principles  of  plane  sailing  and  middle  latitude  saiHng. 

Principles  of  Mercator's  sailing.     Mercator's  chart.     Principles  of 

great  circle  sailings    The  compass  and  its  corrections. 
(1.)  Variation.     (2.)  Deviation.      (3.)  Local   attraction.     (4.)  General 

theory  of  deviation  (Towson's  Practical  Information,  first  50  articles). 

Correction  of  courses  for  variation,  deviation,  and  leeway.    The 

log.    Correction  of  estimated  distances  run  for  errors  in  the  log 

line  and  glass.    Plane  sailing.    Traverse  sailing.    Middle  latitude 

sailing.     Mercator's  sailing,  with  examples. 
To  find  difference  of  longitude  made  on  a  traverse.    Sea  journal.    A 

day's  work.     Practice  of  great  circle  sailing*    Circular  arc  sailing. 

Tides.    Winds.    Cyclones.    To  find  bearing  of  a  circular  storm ; 

veering  of  wind;  heaving  to;  and  sailing  from  centre  of  gale. 

Construction  of  tables  of  meridional  parts. 
Description  and  use  of  sextant,  with  the  theory,  adjustments,  and  errors. 
Note. — Candidates  for  certificates  as  teachers  of  Navigation  will  be 
reqnired  to  possess  a  competent  knowledge  of  the  whole  of  the  above 
syUabus,  and  to  have  obtained  a  certificate  in  elementary  mathematics  and 
passed  in  higher  mathematics  as  far  as  spherical  trigonometry  inclusive. 
For  students. — ^To  "  pass,"  as  far  as  principles  of  plane  sailing.    The 
compass  and  correction  of  courses. 
For  honourable  mention. — As  far  as  Mercator's  sailing,  with  examples. 
For  third,  second,  and  first  class  Queen's  prizes,  a  proportionate 
knowledge  of  the  remainder. 

Snldect  XXX, — Nautical  Astronomy. 

Definitions.    Time,  apparent,  mean,  sidereal,  &c.  Equation  of  time.    To 

express  interval  of  mean  or  sidereal  time  in  parts  of  sidereal  or 

mean  time  respectively.    To  convert  arc  into  time,  and  conversely. 

To  find  Greenwich  date.    To  take  out  right  ascension  of  sun  for  a 

'  given  mean  Greenwich  date. 
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Comction  of  altitades.  Dip.  ParaUax.  *  Retoclaon.  Aagmeniation 
(tf  moon's  semi-diameter.  Bednctioii  of- altitude  of  a  heavenly 
body  observed  at  one  plaee  to  wbat  it  would  have  bean  if  observed 
at  another.    The  chronometer  and  its  use,  error,  and  rate. 

Latitude  by  meridian  altitude  of  sun,  and  fixed  star. 

Latitude  by  meridian  altitude  of  moon*    To  find  Greenwich  mean  time 
of  moon's  meridian  passage.    To  findsemidiameter  and  horizontal 
.     parallax  of  moon  for  a  given  Greenwich  date.    To  take  out  from 
Nautical  Almanac  moon's  declination,  ^c 

To  find  local  and  Greenwich  mean  time  of  passage  of  a  star  over  a 
given  meridian  on  a  given  day.  Latitude  by  tdtitude  of  sun,  star, 
or  moon  below  the  pole  and  by  pole  star.  Latitude  bv  altitude  of 
sun  or  other  heavenly  body  near  the  meridian.  Calcukticms  of 
hour  angles.  Meridian  distances.  Right  ascensions.  Computa- 
tions of.  time.  £rr(»r  and  rate  of  chronometer.  Computation  of 
mean  or  apparent  time  at  anyplace  from  observed  altitude  of  a 
heavenly  boay.  Longitude  by  chronometer.  Error  in  hour  angle 
from  error  in  observed  altitude.  Variation  of  compass.  Azimuth, 
altitudes,  amplitudes,  determination  of  true  bearings.  True  azimuth 
:  from  altitude  of  heavenly  body  and  without  obsnved  altitude. 
True  bearing  of  a  point  of  land,  &c;,  by  observed  angular  distance 
from  the  sun.  Variation  of  compass  from,  observed  amplitude  of 
sun. 

Deviation  of  compass,  from  Art.  50  to  end  of  Towson's  Practical  Infor- 
mation.    Sumner's  metho,d  of  finding  longitude  and  latitude. 

Method  of  double  altitudes.  Ivory's  and  direct.  Error  of  chronometer 
bv  equal  altitudes  of  sun  and  fixed  star.  To  compute  apparent 
altitude  of  a  heavenly  body  when  its  true  altitude  is  given. 

Methods  of  clearing  a  lunar  distance  from  the  efPects  of  parallax  and 
refraction.  To  find  Greenwich  date  corresponding  to  a  given  true 
lunar  distance,  &c.  To  find  the  altitudes  when  a  lunar  distance  is 
taken  from  altitudes  before  and  after  taking  the  distance.  To  find 
the  longitude  by  a  lunar.  Rate  of  chronometer  by  a  lunar. 
Obs. — In  all  the  above  problems  the  demonstration  of  the  rules  as 

well  as  accurate  practical  working  is  required. 
Note. — Candidates  for  certificates  as  teachers  will  be  required  to 

possess  a  competent  knowledge  of  all  the  above  syllabus,  and  to  have 

obtained  a  certificate  in  the  elementary  mathematics,  and  passed  in 

higher  mathematics  as  far  as  spherical  trigonometry  inclusive. 

For  students. — To  "  pass,"  a  knowledge  of  the  elementary  principles, 

and  finding  latitude  by  meridian  altitudes  of  a  heavenly  body. 
For  "honourable  mention,"  the  above,  with  variation  of  compass 

from  altitudes  and  azimuths,  and  rate  of  chronometer,  and  longitude  by 

chronometer,  is  required. 
For  third,  second,  and  first  class  Queen's  prizes,  a  more  or  less  accurate 

knowledge  of  the  remainder. 

Subject  3LICZZ.— Steam. 

1,  General  Properties^  iS^^am.-T-General  effects  of  heat  and  cold,  with 
practical  applications  of  the  principle.  Law  of  expansion  by  heat 
not  universal.  Beneficial  result  of  this  anomaly.  To  ascertun  the 
temperature  of  any  substance.  Pyrometer.  Thermometer — ^Descrip- 
tion—Graduation. Comparison  of  thermometers  when  differently 
graduated.  Laws  of  cooling.  Conduction.  Conducting  powers  of 
bodies.  Convection.  Explanation  of  some  naturalphenomena  by  this 
law.  Radiation.  Radiating  power  of  bodies.  On  what  it  depends. 
Land  and  sea  breezes.    Capacity  for  heat.  Unit  of  caloric,    latent 
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hoii.  Under  triiat  dremliBteiieca  beat  beeomed  ktent.  Tfisat  sole 
Bgettt  in  meltiiig  and  vaporiamg  bodies.  Calonmeter.  Sources  of 
beat.  Combiisfioa.  Temperature  necessary  for  it.  Boiling  point. 
Temperature  of  elastic  fluids.  Vapour.  Formation  of  dew.  Dis- 
tinction between  vapour  and  steam.  Boiling  points  of  fresb  and 
saltwater.  Distillation.  High-pressure  steam.  Measure  of  steam 
by  atmosphctts.  Steam  when  in  contact  and. when  not  in  contact 
^h  boilmg  water.  Relation  between  pressure,  density,  and  tem- 
perature of  steam.  Specific  gravity  of  steam.  Common,  super- 
heated and  surcharged  steam.    Priming.  Analysts  of  sea  water. 

Steam  Engine. — General  principles.  Difterent  kinds.  Engines  in  use 
before  Watt.  Newoomen's  engine.  Its  defects.  Discoveries  of 
Watt.  Blowing  through.  Defects  in  atmos^iheric  engines.  Single 
acting  and  double  acting  engines.  Expansion  valve.  Cornish — 
High-pressure  or  non-condensing  engine.  Marine  steam  engine. 
Different  descriptions.  Side-lever  msrine  engine.  Blow-valve. 
Stuffing  boxes.  Piston  of  steam  cylinder.  Worlung  parts.  Working 
of  the  slides,  strap,  gib,  and  cutter.  Escape  vidve  of  cylinder. 
Parallel  motion.  Hall*s  condensers.  Test  cocks.  Grease  cocks. 
Grease  cups  of  sUdes.  Annular  air-pump  bucket.  Annular 
delivery  valve.  Various  kinds  of  slides.  Cushioning.  Lead.  Lap, 
its  effects.  The  eccentric.  Throw  and  stops  of  ditto.  To  find  the 
travel  of  the  slide.  Back-lash.  Double  eccentric.  Throttle  valve. 
Expansion  valve  and  various  kinds.  Barometer  or  condenser 
gauge.  Method  of  estimatii^g  pressure  by  it.  Errors  in  this 
method,  and  correction  of  the  same.  Lubricators,  &c.  Number 
of  engines  in  a  steamer.  Expansion  cams  and  gear.  Feed  pumps. 
Bilge  pumps.  Modes  of  propulsion.  Paddle  wheels.  Pitch,  Reefing. 
Disconnexion  and  immersion  of  wheels.  Brakes. — Modes  of  fitting. 
The  screw  propeller.  Length,  angle,  pitch,  slip,  area  of  screw 
blade.  Disconnecting  and  raising  screw.  Governors,  Direct 
acting  engines.  Gorgon — Fairbaim's  double  cylinder,  oscillating, 
trunk  engines,  &c.  Engines  for  screw  propellers.  Direct  acting, 
with  and  without  multiplying  gear.  O  scillating  horizontal  and  trunk 
engines.    Double  acting  air-pump. 

Boikrs, — Description.  Gear  connected  with  them.  Tubular  boiler. 
Number  of  boilers.  Steam  chest.  Safety  valve.  Waste.  Steam 
funnel  and  drip  pipe  to  steam  gauge.  Wash  or  dash  plates.  The 
funnel  dampers.  Reverse  valve.  Communication  or  stop  valve. 
Blow-out  cocks.  Circulating  pipes.  Brine  pumps.  Brine  valves. 
Refrigerators. 

Calculations, — Methods  of  measuring  efficien<^  of  steam  engines. 
Duty  of  an  engine.  Horse  power.  Mercantde  or  nominal  horse 
power.  Horse  power  from  the  evaporation  in  the  boiler.  De 
Pambour's  theory.  Velocity  of  maximum  useful  effect.  To  find 
evaporation  of  a  condensing  engine  of  given  dimensions  and  horse 
power,  the  piston  moving  with  a  given  velocity  with  and  without 
expansion.  ^  To  find  the  pressure  in  cylinder,  knowing  the  effective 
evaporation.  To  find  the  diameter  of  a  cylinder  to  work  at  a  certain 
speed,  knowing  the  evaporation.  To  find  the  evaporation  in  the 
boiler^  knowing  the  diameter  and  velocity  of  piston  and  pressure  of 
steam  in  the  cylinder  with  and  without  expansion.  Same  for 
locomotive.  Watt's  eng;ines,  &c. 

The  srrew-rto  find  its  area.  Angle  of  the  helbc  or  thread  of  the 
screw  propeller — to  find  the  pitch.  The  power  exerted  by  a  screw. 
How  rar  slip  depends  on  form  and  dimensions  of  the  screw.  Motion 
of  paddle-wheels,  &c.  Consumption  of  fuel.  Measure  of  locomo- 
tive performance  of  marine  steam  engines.    To  find  the  angle  the 
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•'cnnk  lias  moved  through  when  the  piiton  is  at »  given  distanoe  from 
the  top  of  the  stroke.  Amount  or  work  developed  by  crank  in  a 
half-revolution — length  of  radius-bar  in  side  lever  engine.  Work 
done  in  the  up  and  down  stroke  of  the  air  pump.  The  best  tempe- 
rature for  the  condenser  of  a  steam  engine.    Qualities  of  fuel,  &e. 

6,  Practical  working, — Getting  up  steam.  Mode  of  starting.  Working 
engines  at  moorings.  Priming— causes  and  remedies.  Banking 
up  and  putting  back  fires,  &c.  Duties  to  machinery  when  under 
steam,  boiler,  fii^es,  &c.  Injection  pipes.  Kingston's  valves.  Leaks 
in  engines.  Bearings  of  enoines.  Expansive  working.  Manage- 
ment of  fuel.  Damages  and  repairs  to  boiler,  &c.,  after  accidents. 
Duties  to  engine,  &c.,  on  arriving  in  harbour. 

6.  Indicator, — The  ends  it  fulfils.  Description.  Atmosphoic  line. 
Method  of  taking  a  diagram.  The  general  configuration  of  diagram 
to  be  expected  under  various  circumstances.  The  slide-diagram. 
Examination  of  Indicator-dii^rram  when  steam  is  throttled;  when  ex- 
pansive gear  alone  used,  and  in  other  cases.  To  ascertain  the  horse- 
power or  an  engine  by  means  of  the  indicator.  l\).find  quantity  of 
water  evaporated.  Friction  of  steam  engine  without  load.  Diagram 
when  there  is  no  condensation.  Diagram  showing  the  reUitive 
•  motions  of  sUde  and  piston  at  every  point  of  the  stroke. 

Dynamometer.    To  find  horse-power  of  engine  by  means  of  it. 

The  text  books  specially  recommended  are — The  Marine  Steam  Engine, 
by  Professor  Main  and  Mr.  Brown,  R.N.,  Longmans  and  Co. ;  Main 
and  Brown's  Indicator  and  Dynamometer ;  De  Pambour's  Tkeory 
of  the  Steam  Engine, 

Note. — No  certificate  as  a  teacher  of  steam  will  be  given  unless  the 
candidate  has  obtained  a  certificate  in  elementary  mathematics  and 
theoretical  mechanics ;  and  ho  first  grade  certificate,  unless  he  has  taken 
a  certificate  in  higher  mathematics. 

Subject  XXX XL—Physical  Oeog^raphy. 

The  knowledge  included  in  this  subject  unbraces : — 

a.  A   general  acquaintance  with  astronomy,  so  fax  as  it  relates  to 

terrestrial  phenomena. 

b.  Distribution  of  the  land  and  water ;  forms  of  the  great  continents ; 

the  general  structure  of  land  with  regard  to  mountains,  table 
lancU,  plains,  deserts,  islands,  &c. 

c.  The  ocean;  its  physical  and  chemical  characters,  temperature, 

depth,  waves,  tides,  tidal  bore,  progress  of  the  tide  wave,  ocean 
currents,  and  soundings. 

d.  Inland  waters,  including  the  phenomena  of  springs,  rivers,  lakes, 
.  and  influence  of  the  distribution  of  inlana  waters  upon  com- 
merce. 

e.  Winds,  including  land  and  sea  breezes,  trade  winds,  variable 

winds^  law  of  storms,  cyclones,  &c. 

f.  Climate:  physical  causes  which  determine  climate,  isothennal 

lines,  ana  temperature  tables. 

g.  Distribution  of  plants  and  animals,  especially  as  their  produce  is 

turned  into  articles  of  commerce;  and  dassiflcation  of  the 
races  of  man. 
h.  Information    on  the  physical  geography  of  the   British  and 
Colonial  Empire  of  Great  Britain,  with  especifd  reference  to 
exports  and  imports. 
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SCtBNCE  FORM,  No.  232. 


CIRCULAR  MEMORANDUM  TO  SCIENCE  SCHOOLS 
AND  CLASSES. 

By  the  advice  of  the  Examiners  in  Science,  the  Lords  of  the  Com- 
mittee of  Council  on  Education  have  sanctioned  the  following  rules 
for  the  examination  of  Science  Schools  and  Classes  in  May : — 

1.  That  there  shall  be  two  examination  papers  in  each  subject ;  one  of 
which  (the  first)  will  be  an  easy  paper,  the  other  (the  second)  more 
difficult. 

2.  That  the  candidate  shall  be  allowed  to  select  questions  out  of  either 
the  first  or  the  second  paper;  but  not  out  of  both. 

3.  That  the  candidate  shall  be  restricted  to  a  certain  number  of  ques- 
tions in  each  paper — ^the  number  which  he  may  fidrly  answer  in  the  time 
allowed — and  that  the  paper  shall  consist  of  about  half  as  many  more 
questions.  Thus,  if  eight  questions  in  a  paper  can  fairly  be  answered  in 
the  three  hours,  the  paper  will  consist  of  about  twelve  questions,  and  the 
candidate  wiU  be  allowed  to  attempt  any  eight  of  those,  but  no  more. 

4.  That  the  5th  and  4th  class  shall  be  obtained  from  the  first  paper 
only,  and  the  1st  and  2nd  class  from  the  second  paper  only ;  whilst 
the  3rd  class  may  be  obtiuned  from  either  the  first  or  the  second  paper. 

Thus,  for  instance,  if  the  candidate  is  restricted  to  eight  questions  in 
the  first  paper  and  to  tenin  the-  second  paper  in  a  subject,  then  the 
number  of  marks  attached  to  some  eight  and  some  ten  of  those  ques- 
tions respectively  will  be  100,  and  40,  60,  and  80  *  marks  in  the  first 
paper  win  give  a  5th,  4th,  or  3rd  class  respectively,  while  40,  60,  and  80 
marks  in  the  second  or  difficult  paper  will  give  a  3rd,  2nd,  or  1st  class. 
The  3rd  class  will  thus  be  obtained  either  by  very  good  answering  in  the 
easy  paper  or  by  fair  answering  in  the  difficult. 

5.  Teachers  are .  recommended  to  explain  the  system  fully  to  their 
pupils  before  they  come  up  to  examination,  and,  if  possible;  from  their 
knowledge  of  the  students'  attainments,  to  advise  tnem  which  paper  to 
attempt* 


*  These  percentages  are  only  given  as  examples.   The  scale  may  vtaj  from  time  to 
time. 
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SCIENCE  AND  ART  DEPARTMENT. 

COMMITTEE  OF  COUNCIL  ON  EDUCATION, 

Cromwell  Road,  South  Kensington. 

Lord  President^  His  Grace  the  Duke  of  Mablborough. 

Vice-President  of  the  Committee  of  Council  an  Education^  The  Right  Hon. 

Lord  Robsrt  Montagu,  M.P. 


List  op  Officers  of  the  Science  a.nd  Art  Department. 

Office  hours  10  till  4. 

General  Administration. 

Secretary, — ^Henry  Cole,  C.B. 

Assistant  Secretary. — Nonnan  MacLeod. 

Chief  Clerk. — G.  F.  Duncombe  (pro  tern.) 

First-class  Clerks. — Percival  B.  B.  Peile,  certificated  in  Science ;  E.  P.  Bartlett, 
certificated  in  Science  ;  A.  J.  R  Trendell. 

Second-class  Clerks. — A.  H.  {Gasparini ;  C.  A.  Pierce,  certificated  in  Art ; 
A.  S.  Cole,  certificated  in  Science  ;  also  in  Artj  T.  Chesman,  B.A., 
LLB.,  certiBcated  in  Science, 

Supplementary  Clerks. — E.  Belshaw,  certificated  in  .Art ;  W.  Burtt,  certifi- 
cated in  Science  ;  G.  G.  Millard,  certificated  in  Science. 

Assistant  Clerks.— Vf..  H.  F.  Stratton;  C.  Comyns;  C.  G.  Quinton. 

Accountant. — A.  L.  Simkins.  Book-keeper, --IS^  W.  Williams.  Assistant— 
T.  A.  Bowler. 

Storekeeper.— W ,  G.  Groser.    Deputy. — H.  Lloyd. 

Science  Division. 
Official  Inspector  for  Science, — Captain  Donnelly,  R.E. 
Occasional  Inspectors. — J.  F.  Iselin,  M.A.  j  F.  J.  Sidney,  LL.D. ;   Captain 

Harris,  E.I.C.  (Navigation). 
Official  Examiner. — G.  C.  T.  Bartley,  certificated  in  Science ;  also  in  Art. 
Professional  Examiners  for  Science. — Professors  T.  Bradley;  Rev.  B.M»  Cowie, 

B.D.  ;  A.  W.  Hofmann,LL.D.,F.R.S. ;  T.  H.  Huxley,  F.R.S. ;  J.  Percy. 

M.D.,  F.R.S. ;  A.  C.  Ramsay,  F.R.S.;  W.  W.  Smyth,  M.A.,  F.R.S.; 

T.Thomson,  F.R.S.;  J.  Tyndall,  P.R.S.  ;  Rev.  Joseph  WooUey,  LL.D. 
Organizing  Master  of  Science  Classes. — J.  C.  Buckmaster,  F.C.S. 

Art  Division. 
Inspector-General. — Richard  Redgrave,  R.A. 

Official  Inspectors. — H.  A.  Bowler;  R.  G.  Wylde,  certificated  in  Art. 
Occasional  Inspectors.—^.  A.  Hart,  R. A. ;  Eyre  Crowe ;  F.  B.  Barwell. 
Official  Examiner.—  G.  F.  Duncombe. 
Occasional  Examiners.— John  Marshall,  F.R.S.,  F.R.C.S.  ;  Rev.  J.  H.  Edgar; 

T.  Clack  J  G.  M.  Atkinson  ;  G.  Stewart ;  G.  R.  Redgrave  ;  Christopher 

Dresser,  Ph.  D.  Jena. 
Professional  Examiners.— Sir  F.  Grant,  P.R.A. ;   Daniel  Maclise,  R.A.;   J.  C. 

Horslej|R.A. ;  Richard  Redgrave,  R.A. ;  F.  Leighton,  A.RA. 


South  Kensington  Museum. 
Director. — Henry  Cole,  C.B. 

Assistant  Directors. — R.  A.  Thompson;  P.  C.  Owen;  Captain  E.  R.  Testing,  R.E. 
Director  of  New  Buildings. — Lieut-Colonel  Scott,  RE. 
Decorative  Artists. — J.  Gamble ;  R.  Townroe. 

Art  Referees  for  the  Museum.— B,,  Redgrave,  R.A. ;  J.  C.  Robinson,  F.S.A. 
Editor  of  Catalogues  and  Beferee  for  Libraries. — J.  H.  Pollen,  M.A.,  late 

Fellow  of  Merton  College,  Oxford. 
Provisional  Librarian  for  Art  Library, ^"R.  H.  Soden  Smith,  M.A.,  Trinity 

College,  DubUn,  F.S.A. 

A  2 


Digitized 


byGoogk 


South  Kensington  Museum— conf. 

Division  Keepers  of  Museum  Collections. — G.  Wallis;  W.  Matchwick;  H. 
Sandham;  K.  I^skey. 

Assistant  Keeper  of  Museum  Collections, — C.  B.  Worsnop. 

^Supplementary  Assistant  Keepers, — C.  C.  Black,  M.A.,  Trinity  College,  Cam- 
bridge ;  R.  F.  Sketchley,  B.A.,  Exeter  College,  Oxford  ;  H.  E.  Acton  ; 
J.  W.  Appell,  Ph.  D.;  A.  C.  King,  F.S.A. ;  D.  Craven. 

Clerk  of  CoUections.—J.  B.  Rundell. 

Supplementary  Clerks. — H.  Vernon  ;  A.  Masson ;  F.  Coles,  certificated  in 
Science  ;  F.  Groser,  certificated  in  Art ;  W.  G.  Johnson* 

Agent  for  Sale  of  Examples. — J.  Cundall. 

Official  Photographer. — C.  Thurston  Thompson. 


National  Abt  Training  School. 
Hecul  Master. — Richard  Burchett. 
Deputy  Head  Master. — ^R.  W.  Hennan. 
Mechanical  and  Architectural  Drawing, — H.  B.  Hagreen. 
Geometry  and  Perspective, — C.  M.  Clarke. 
Painting,  Freehand  Drawing  of  Ornament,  ^c,  the  Figure  and  Anatomy,  and 

Ornamental  Design. — ^R.  Burchett,  R.  W.  Herman;  W.  Denby;  R.  Col- 

linson;  C.  F.  Slocombe. 
ModeUing.—^,  M.  Miller. 

Lady  Superintendent  of  Female  Students. — Miss  Tnilock. 
Female  Teachers. — ^Mrs.  S.  E.  Casabianca;  Miss  Channon. 
Lecturer  on  Anatomy. — J.  Marshall,  F.R.S.,  F.R.C.S. 
Lecturer  on  Botany, — Christopher  Dresser,  Fh.  D.  Jena. 


Royal  School  of  Naval  Architectukb  and  Marine  Engineeriko. 
Inspector-General  and  Director  of  Studies. — ^Rev.  Joseph  Woolley,  LL.D. 
Principal—C.  W.  Merrifield,  F.'R.S. 
Vice  Principal, — Henry  Martyn  Taylor,  B.A.,  Fellow  of    Trinity  College, 

Cambridge. 
Instructor  of  Naval  Drawing. — ^W.  B.  Baskcomb. 
Instructor  in  Engineering  Drawing, — John  Maxton. 
Instructor  in  Marine  Engineering. — J.  F.  Cotterell. 
Instructor  in  Practical  Chemistry. — John  Davidson. 
Instructor  in  French, — M.  Penon. 
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Summary  of  the  Nature  and  Amount  of  Assistance 
afforded  by  the  Science  and  Art  Department  to 
the  Industrial  Classes  in  procuring  Instruction 
in  Science. 


llmportant  Alterations  made  sincg  the  last  edition  of  the  Directory  are 
printed  in  Italics.'] 

I.  A  sum  of  money  is  voted  annually  by  Parliament 
for  scientific  instruction  in  the  United  Kingdom. 

II.  This  sum  is  administered  b}'  the  Science  and 
Art  Department. 

III.  The  head  of  the  Education  Department,  of 
which  the  Science  and  Art  Department  is  a  branch, 
is  the  Lord  President  of  the  Council,  assisted  by  a 
member  of  the  Privy  Council,  who  is  called  the  Vice- 
President  of  the  Committee  on  Education,  and  who 
acts  under  the  direction  of  the  Lord  President,  and 
for  him  in  his  absence.  (Order  in  Council,  25th 
February  1856,  Act  19  &  20  Vict.  c.  116.) 

IV.  The  object  of  the  grant  is  to  promote  instruc- 
tion in  Science  especially  among  the  industrial 
classes,*  by  affording  a  limited  and  partial  aid  or 
stimulus  towards  the  founding  and  maintenance  of 
Science  schools  and  classes.f 

V.  The  payment  offees  by  the  students   ^^5^*^?*®^ 
can  be  looked  upon  as  the  only  solid  and   students. 
sufficient  basis  on  which  a  self-supporting 

system  can  be  established  and  supported.     Though 

♦  Direct  payments  are  made  to  teachers  only  on  behalf  of 
adult  artisans,  or  the  children  of  artisans,  or  the  children  of 
persons  who  are  not  assessed  to  the  income  tax,  that  is,  who  do 
not  possess  an  income  of  lOOZ.  a  year.     (See  §  xviii.) 

t  Tlie  amount  is  liable  to  be  decreased  and  eventually  with- 
drawn. Payments  to  teachers  therefore  must  not  be  looked  upon 
as  perpetual,  or  in  any  way  conferring  on  the  teacher  a  claim  to 
any  payments  beyond  those  offered  for  each  current  year. 
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my  Lords  do  not  consider  it  necessarj  at  present  to 
lay  down  any  rules  making  the  pajnnent  of  fees  an 
absolute  condition  of  the  grants  on  account  of  Science 
instruction,  yet  as  the  payments  from  the  State  must 
be  expected  to  diminish,  and  as  aid  on  account  of 
those  persons  who  do  nothing  for  themselves  cannot 
be  justified,  Committees  of  schools  and  classes  and 
teachers  are  strongly  urged  (should  it  at  present 
not  be  the  practice)  at  once  to  impose  as  high  a  scale 
of  fees  as  they  consider  can  be  raised  not  only  on 
middle  class  students  but  also  on  artisans. 

VI.  The  following  are  the  Sciences  towards  in- 
struction in  which  aid  is  given : — 

Subject  1,  Practical  Plane  and  Solid  Geo- 
metry. 

„  2,  Machine  Construction  and  Drawing. 

„  3,  Building  Construction  or  Naval 
Architecture  and  Drawing. 

„  4,  Elementary  Mathematics. 

„  5,  Higher  Mathematics. 

„  6,  Theoretical  Mechanics. 

„  7,  Applied  Mechanics. 

„  8,  Acoustics,  Light,  and  Heat. 

„  9,  Magnetism  and  Electricity. 

„  10,  Inorganic  Chemistry. 

„  11,  Organic  Chemistry. 

„  12,  Geology. 

„  13,  Mineralogy. 

„  14,  Animal  Physiology. 

„  15,  Zoology. 

„  16,  Vegetable  Physiology  and  Economic 
Botany. 

„  17,  Systematic  Botany. 

„  18,  Mining. 

„  19,  Metallurgy. 

„  20,  Navigation. 

„  21,  Nautical  Astronomy. 

„  22,  Steam. 

„  23.,  Physical  Geography. 
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VII.  The  assistance  granted  by  the  Science  and 
Art  Department  is  in  the  form  of — 

1.  Payments  on  results  to  teachers.     (See  §  viii., 

XV.,  xviii.  to  XX.) 

2.  Grants  towards  the  purchase  of  apparatus,  &c. 

(See  §  xxii.) 

3.  Public   examinations  in  which  Queen's  Medals 

and  Queen's  Prizes  are  awarded,  held  at  all 
places  complying  with  certain  conditions. 
(See  §  xi.  to  xvii.)  On  the  results  of  these 
examinations  the  payments  are  made  to  the 
teachers.     (See  §  xv.,  xviii.,  and  xix.) 

VIII.  Persons  are  qiuilified  to  earn  payments  on 
results  who  have : — 

a.  obtained  certificates  as  teachers  in  any  of  the 
hefore-mentioned  sciences  at  the  examinations  for 
teachers  of  the  Science  and  Art  Department  held 
previous  to  January  1867,  or, 

6.  after  the  abolition  of  the  above  examinations 
— February  1867 — obtained  a  First  or  Second  Class 
at  the  examination*  specified  in  §  xi. 

No  payments  are  made  to  a  teacher  on  account  of 
instruction  given  in  subjects  in  which  he  is  not  so 
qualified. 

IX.  Suitable  premises,  with 'firing,  light-  ^^^^  ^^' 
ing,  &c.,  must  be  found  and  maintained 

at  the  cost  of  the  locality  where  the  school  or  class 
is  held.  If  at  any  time  the  funds  do  not  cover 
these  requisite  local  expenses,  it  must  be  inferred 
that  there  is  no  such  demand  as  the  Government  is 
justified  in  aiding,  for  instruction  in  the  locality ;  and 
the  assistance  of  the  Department  will  be  withdrawn. 

X.  A  Local   Committee  of  not   less  x^icom- 
than  five  .well  known  responsible  persons 

must  be  formed  in  connexion  with  every    Science 

*  Such  examination  may  be  dispensed  with  in  cases  where  the 
candidate  has  taken  a  degree,  the  examination  for  which  satis- 
factorily meets  the  requirements  of  the  case.  Full  particulars 
must  be  fui*nished  by  the  applicant,  and  his  diploma  sent  for 
inspection. 
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Class,  who  will  carry  out  the  instructions  contained 
in  the  Appendix.*    (See  pages  14  and  18  to  22.) 

ofciMMf''''  ^^'  '^^^  Science  and  Art  Depart- 
ment holds  annually  in  May  (see  Science 
Form,  No.  232,  page  69*),  through  the  agency  of 
the  Local  Committees,  a  public  examination  of  all 
Science  schools  and  classes,  whether  taught  by 
teachers  qualified  as  above  or  not,  in  any  place 
in  the  United  Kingdom  which  complies  with 
the  requisite  conditions.  (See  §  x.,  xiii.,  and  xiv.) 
On  the  results  of  this  examination  the  payments 
are  made  to  qualified  teachers.  (See  §  xv.  and 
xviii.)  Application  for  it  must  be  made  before  the 
end  of  March  in  each  year,  stating  the  number  of 
persons  and  the  subject  or  subjects  in  which  tbey 
are  to  be  examined.  The  form  of  application^ 
Science  Form  No.  119  (see  page  22*),  will  be  sent 
on  application  to  the  Secretary,  Science  and  Art 
Department. 

In  addition  to  the  above,  examinations  in  Mathe- 
matics, Navigation,  Nautical  Astronomy,  Steam,  and 
Physical  Geography  are  held  for  the  benefit  of  sea- 
faring men — arid  for  them  only — three  times  a  year 
in  all  seaports  where  Local  Committees  are  formed 
and   are  willing  to   undertake  them.      These   ex- 
aminations take  place  in  the  beginning  of  March, 
September,   and  December.      The  application   for 
these  examinations  must  be  made  on  Science  Form 
No.  119  before  the  10th  day  of  the  previous  month. 
S^cf^T^^^       XII.  A  school  or  class  taught  by  a 
teacher  not  qualified  to  earn  payments 
as  above,  may,  by  applying  to  the  Secretary  of  the 
Science  and  Art  Department,  be  examined  at  the 
same  time  and  in  the  same  manner  as  the  classes 
under  qualified  teachers :  provided  that  a  Local  Com- 
mittee be  formed  which  complies  with  the  requisite 
conditions.     (See  Appendix,  page  21,*  Science  Form, 
No.  88  a.) 

If  the  class  be  for  artisans  the  pupils  are  eligible 

*  Science  Directory, 

Digitized  by  VjOOQIC 


9 

to  receive  Queen's  Prizes  and  Queen's  Medals  under 
the  same  condition  as  the  pupils  of  qualified  teachers. 
Should  it  however  be  for  the  middle  classes  the 
pupils  are  not  eligible  for  prizes  and  medals,  but  re- 
ceive certificates  of  merit  instead. 

XIII.  If  two  or  more  classes  in  the  same  Jiacesof 

.    .-i.  i_i       J*  ^  /•    Examination. 

town,  or  withm  a  reasonable  distance  of 
one  another,  apply  for  the  examination  of  the 
Science  and  Art  Department,  a  general  examination 
committee  must  be  formed  by  the  amalgamation  of 
the  several  Committees  to  carry  out  the  examina- 
tions at  some  common  centre,  such  as  the  town  hall 
or  other  public  building.  It  is  only  when  the  classes 
consist  of  50  or  more  candidates  that  such  amalga- 
mation of  the  committees  will  not  at  present  be  in- 
sisted on. 

XIV.  Any  persons  whatever,  whether  E^^nation 
taught   by  the  qualified  teacher  or  not,   students. 
may   present   themselves  at    the   Local 
Committee's  examination  on  registering  their  names 
in  time  for  the  Local  Committee  to  comply  with  the 
instructions,  and  paying  a  registration  fee  of  not  more 
than  2^.  6d.  each.     Arrangements  must  therefore  be 
made  by  the  Local  Committee,  or  the  General  Exami- 
nation Committee,  as  the  case  may  be,  to  enable  other 
candidates,  besides  the  students  in  the  class  for  which 
the  Committee  act,  to  present  themselves  at  this  ex- 
amination.   The  registration  fee  of  25.  6c?.,  which  such 
candidates  may  be  required  to  pay,  is  to  reimburse 
the   Committee  for  any  extra  expenses  incurred  by 
such  attendance,  and  may  at  their  option  be  remitted. 

XV.  The  successful  candidates  at  the  ^/^"g^^^'''' 
May  examination  and  the  quarterly  ex- 
aminations of  seamen  are  classified  under  the  heads 
of  first,  second,  third,  fourth,  and  j^h  class.  The 
standard  of  attainment  required  may  be  raised  from 
year  to  year.  For  Xhejifth  class  it  is  only  such  as  will 
justify  the  Examiner  in  reporting  that  the  instruction 
has  been  sound,  and  that  the  students  have  benefited 
by  it.     Those  who  have  attained  a  higher  degree  of 
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proficiency  are  classed  as  4th,  3rd,  2nd,  or  1st  class, 
according  to  their  merit. 
Queen's  XVI.  To  the  Ist,  2nd,  and  3rd  class 

Pnses.  .  ^^  9  •  •  .  •  n 

are  given  Queens  prizes  consisting  of 
books  or  instruments  chosen  by  the  candidates  from 
lists  furnished  for  that  purpose. .  These  are  unlimited 
in  number,  and  are  open  to  all  candidates  who  come 
within  either  of  the  following  categories,  ( 1 )  Students 
in  Science  Classes  under  qualified  Teachers;  (2) 
Registered  Students  in  Artisan  Classes  taught  by 
any  Teachers,  or  (3)  bongi  fide  Artisans. 

Other  candidates,  if  successful,  receive  instead 
Cards  of  merit  recording  their  success. 

The  following  are  exceptions  to  the  above  rule : — 

a.  Teachers  earning  or  who  have  earned  payments 
on  the  results  of  instruction ;  and 
.  b.  Students  who  have  previously  received  the  same, 
or  a  higher  class,  in  the  same  subject. 
— the  names  of  such  candidates  will  simply  be  re- 
corded in  the  published  lists. 

Queen's  XVII.  To  the  four  best  in  each  subject 

are  awarded  Queen's  medals.  These  con- 
sist of  one  gold,  one  silver,  and  two  bronze  in  each 
subject  for  competition  throughout  the  United  King- 
dom. They  are  only  awarded  if  there  are  a  sufficient 
number  of  qualified  candidates,  and  the  gold  medal 
will  only  be  given  in  cases  of  high  merit  specially 
recommended  by  the  examiner.  The  same  candidate 
cannot  obtain  the  same  medal  in  the  same  subject 
more  than  once. 

Only  registered  students  of  schools  and  classes 
under  Local  Committees  (see  §  x.  and  xii.)  are 
eligible  for  medals.  They  cannot  be  taken  by  middle 
class  students  who  are  more  than  17  years  of  age 
or  by  teachers  who  are  earning  or  have  earned 
payments  on  the  results  of  instruction.  Students 
who  but  for  this  restriction  would  have  taken  the 
medal,  will  receive  an  honorary  certificate  instead. 
Should  a  student  take  more  than  one  gold,  silver,  or 
bronze  medal,  he  will  receive  books  instead  of  a 
second  medal. 
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XVIII.  Payments  are  made  to  the  P»ym«>to  to 
teacher  qualified  as  m  §  viii.  ou  account  of 

the  instruction  of  students  of  the  Artisan  Classes  (for 
definition  of  Artisan  Class  see  Science  Form  No,  51, 
page  23)  in  the  manner  specified  below : — provided 
that  the  student  has  received  25  lessons  *  at  least 
from  the  teacher  in  each  subject  in  which  he  claims 
payment  since  the  last  examination,  each  lesson 
being  an  attendance  at  a  meeting  of  the  school  of 
at  least  three-quarters  of  an  hour's  duration  on  a 
separate  evening.  The  25  lessons  need  not  neces- 
sarily be  all  given  in  one  year,  but  may  extend  over 
a  longer  period. 

XIX.  1/.,  2/.,  3/.,  4/.,  5/.  are  the  claimable  pay- 
ments for  each  student  in  each  subject,  according  to 
the  class  in  which  he  passes,  but  these  amounts  may 
be  reduced  in  the  following  ways : 

1st.  If  the  student  has  been  previously  successful 
in  the  same  subject,  such  payments  are  reduced  by  • 
the  normal  payment  which  was  claimable  on  such 
previous  success  ;  for  instance,  the  AL  payment  for  a 
second  class  would,  if  the  student  had  previously 
taken  a  fourth  class,  be  reduced  by  2/.f 

2nd.  If  a  student  be  successful  in  more  than  one 
subject  at  an  examination,  the  payments  on  account 
of  such  further  subjects  are  reduced  by  one  half. 

3rd.  When  on  this  scale  they  would  amount  to 
more  than  60/.  the  excess  up  to  40/.  is  diminished  by 
one  quarter,  the  excess  above  40/.  by  one  half.  Thus 
payments  which  on  the  above  scale  would  be  100/.  and 
150/.  will  be  reduced  to  90/.  and  115/.  respectively.  J 

*  It  must  be  clearly  understood  that  the  number  {25)  of  lessons 
which  the  teacher  is  required  to  give  is  the  minimum  fixed  as  a 
criterion  that  the  pupil  h*as  received  his  instruction  from  the 
teacher.  It  is  not  meant  in  any  way  to  specify  that  that  amount 
of  instruction  is  sufficient,  or  to  guarantee  the  teacher's  receiving 
payment,  if  that  amount  of  instruction  alone  is  given. 

t  Deductions  will  be  made  in  payments  on  account,  of  Sub- 
ject I.  to  the  amount  of  any  payments  that  have  been  made  on 
Second  Grade  Examinations  in  Art,  in  practical  geometry,  per- 
spective or  mechanical  drawing. 

X  Thus,  100,  that  is  60+40,  is  reduced  to  60+40—4  of  40 
=  .60+30=90.  150,  that  is,  60  +  40  +  50  is  reduced  to 
60+30+25=115.  rooal(> 
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If  the  teacher  he  instrttcting  classes  three  miles  or 
more  apart  this  deduction  will  he  reduced  hy  the 
arrumnt  of  his  travelling  expenses. 

lotvfJ^r  XX.  The  claim  of  a  teacher  for  the 
ayment  payments  undcF  these  several  heads  is 
made  on  Science  Form,  No.  51,  which  will  be  sent 
on  application.  The  voucher  must  be  signed  by 
the  secretary  and  two  members  of  the  Conmfiittee 
of  the  Science  Class  or  School;  or  by  at  least  three 
of  the  Committee.     (See  Appendix,  page  23.) 

fif^^  XXI.  A  school  register  must  be  kept 

*^  '  in  each  subject  on  a  Form  which  will  be 
supplied  on  application.  This  must  be  made  up  from 
day  to  day,  and  will  be  examined  and  approved  by 
the  Inspector  on  his  visit.  It  must  be  sent  to  the 
Department  with  the  teacher's  claim  for  payment, 
and  no  payment  can  be  made  unless  it  is  properly 
kept. 

Grants  for  XXII.  A  grant  towards  the  purchase  of 

^^"*  apparatus,  diagrams,  &c.,  of  50  per  cent. 
on  the  cost  of  them,  is  made  to  Science  Schools  and 
Classes  in  Mechanics'  and  similar  institutions  with  a 
properly  constituted  Committee  (see  §  x.)  A  re- 
quisition must  in  these  cases  be  made  on  Science 
Form  No.  49.     (See  page  29.) 

Tns^ctionin         XXIII.    All    payments^  to  qualified 

an  Elementary      .-i  ^     i*  c^    •  ^i_- 

School  teachers  on  account  of  Science  teachmg 

are  made  by  the  Science  and  Art  De- 
partment, and  are  only  made  in  respect  of  a 
school  in  connexion  with  the  Science  and  Art  De- 
partment. No  such  payments  are  made  in  respect 
of  any  instruction  in  Science  that  may  be  given 
during  the  three  attendances  of  an  Elementary 
School  receiving  aid  from  the  Education  Department, 
Whitehall. 
Use  of  XXIV.  These  grants  are  only  made 

School^  ^     while  the  teacher  is  giving    instruction 
Premises.       Jn  a  day    or    evening    school   or    class 
for  .  the    industrial    classes    (adults   or 
Doys),   approved  by  the  Science  and  Art  Depart- 
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menty  and  open  at  any  time  to  the  visit  and  in- 
spection of  its  oflScers.  The  Managers  of  an 
Elementary  School  under  the  inspection  of  the 
Education  Department  can  permit  their  premises  to 
be  used  for  Science  teaching,  provided  that  no  in- 
terference be  allowed  with  the  primary  purposes  of 
such  Elementary  School,  or  in  any  way  with  the 
three  attendances  of  the  Elementary  School. 

N.B. — On  the  next  page  will  be  found  a  table  of 
memoranda  for  the  ttse  of  Secretaries  and  Mem- 
bers of  Science  Committees  (Science  Form^ 
No.  170)  which  it  is  expected  will  be  carefully 
attended  to.  This,  as  well  as  the  other  Forms 
given  in  the  Directory,  can  be  had  on  appli- 
cation to  the  Secretary,  Science  and  Art 
Department. 


The  Directory  for  Science  Schools  and  Classes 
is  sold  by  Messrs.  Chapman  and  Hallj  193, 
Piccadilly  y  London^  or  may  be  obtained  from  the 
Secretary,  Science  and  Art  Department,  by 
enclosing  six  postage  stamps. 
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APPENDIX, 


SCIENCE  FORM,  No.  170. 

MEMORANDA   FOR   THE    USE   OF    SECRETARIES    AND 
MEMBERS  OF  SCIENCE  COMMITTEES. 
Dates. 

Before  30th  Novem- 
ber. 
Constantly  -    -    - 

Before  1st  January 
Before  31st  March 
Before  24th  April - 
On  the  27th  April 


During    the    May 
examinations. 


On  the  evening  of 
examination. 


After  the  May  ex- 
aminations. 


Formation  of  Committee,  Form  No.  88.  Or  con- 
tinuation of  Committee,  Form  No.  168. 

To  visit  the  School  and  see  that  the  Register  is 
kept  from  day  to  day,  and  that  everything  is 
regular. 

To  carefully  fill  in  and  send  to  the  Department 
Form  No.  120. 

To  send  Form  No.  119  applying  for  examination  in 
May. 

To  see  that  Form  No.  91  is  hung  up  in  the  School- 
room. 

If  a  parcel  containing  (1)  the  papers  for  the  candi- 
dates to  work  upon,  (2)  copies  of  Form  No.  91, 
one  for  each  day's  examination,  and  (3)  envelopes 
in  which  to  return  the  worked  papers,  should  not 
have  been  received,  or  if  there  should  be  any 
mistake  in  the  numbers  sent  for  each  subject  as 
applied  for,  or  in  the  covering  letter,  to  communi- 
cate at  once  to  the  Department. 

The  examination  papers  for  each  evening  will  leave 
London  by  the  night  mail  two  evenings  before, 
i.e.,  Thursday  evening  papers  will  leave  on  Tues- 
day evening,  Friday's  on  Wednesday  evening, 
etc.  Should  they  not  arrive  accordingly,  a  tele- 
gram to  be  sent  at  once  to  the  Department. 

The  candidates,  being  all  seated  at  6.50,  to  read 
out  the  rules  on  Form  No.  91,  then  give  out  the 
papers  to  be  worked  on.  Then  at  6.55  to  break 
the  seal  of  the  examination  papers  and  distribute 

'  to  the  candidates.  To  adhere  rigidly  to  the  rules 
on  Form  No.  91.  To  sign  Form  No.  91.  To 
seal  up  the  papers  in  one  of  the  envelopes  pro- 
vided and  at  once  post  them. 

On  receiving  lists  of  the  results  to  give  one  copy 
to  each  candidate  whose  name  appears  in  it  as 
being  success^ ;  to  inform  the  others  they  have 
failed. 

To  return  Form  No.  161  filled  up  as  soon  as  pos- 
sible in  strict  accordance  with  the  rules  on  Form 

.  No.  110.  (Prize  list).  To  return  Form  No.  244fl. 
To  examine  and  certify  Teacher's  claims  for  pay- 
ment, Form  No.  51,  and  the  School  Register, 
which  must  be  sent  up  at  the  same  time.  To 
return  Form  No.  108. 

To  keep  a  record  of,  and  inform  the  Departmenjf 
of  the  number  of  individuals  examined. 


Digitized 


byGoogk 


15 


EXHIBITIONS  AND  FREE  ADMISSIONS  AT  THE  ROYAL 
SCHOOL  OF  MINES,  LONDON. 

Royal  Exhibitions. 

1.  There  are  eight  Royal  Exhibitions  to  the  Royal  School  of  Mines, 
Jermyn  Street,  of  the  value  of  50Z.  per  annum,  entitling  the  holders  to 
free  admissions  to  all  the  lectures,  and  to  the  Chemical  and  Metallurgical 
Laboratories  at  the  Royal  School  of  Mines,  to  be  held  from  year  to  year . 
for  three  years,  on  the  condition  that  ithe  holder  attends  the  lectures 
regularly  during  those  years,  and  passes  the  examinations  required  for 
the  associateship  of  the  School. 

At  the  May  1868  examination  three  of  the  above  Royal  Exhibitions 
will  be  open  for  competition  independently  of  the  prizes,  &c.  ofiEered  by 
the  Science  and  Art  Department. 

AU  persons  over  21  years  of  age,  excepting  artisans,  and  such  as  come 
within  the  categorv  of  persons  paid  upon  under  the  Science  Directory, 
will  be  excluded  from  competing  for  the  Royal  Exhibitions.  Special 
cases,  however,  must  be  determined  according  to  the  spirit  of  the  rules, 
and  the  object  of  the  endowment. 

The  competition  for  the  Royal  Exhibitions  will  be  determined  by 
affixing  the  following  values  to  the  several  results  of  the  May  examina- 
tion (see  Science  Directory),  viz. : — 


To  a  1st  grade  in  any 

subject 

- 

-    9  marks. 

To  a  2nd   „ 

„ 

- 

-' 

-   7     .. 

To  a  3rd    „ 

„ 

- 

. 

-    5      „ 

To  a  4th    „ 

f» 

. 

** 

To  a  6th    „ 

- 

1      » 

in  addition — 

Por  a  gold  medal 

»» 

. 

. 

. 

10      . 

Por  a  silver  medal 

»» 

. 

- 

. 

-    7     „ 

Por  a  bronze  medal 

•          » 

-    ' 

- 

. 

-    5      ,. 

X.B.— Science  Certificated  Teachers  may  compete  for  the  Boyal  Exhibitions.  When 
coming  up  simply  with  this  object,  they  should  inform  the  Science  and  Art  Department, 
so  that  their  names  may  not  appear  in  the  published  list  with  the  students. 

Free  Admissions. 

2.  Free  admissions  to  the  lectures  at  the  Royal  School  of  Mines, 
Jermyn  Street,  are  granted  to  any  person  who  takes  a  gold  medal  in  the 
May  examination. 

But  no  candidate  will  be  allowed  to  take  a  Scholarship  who  has  not 
obtained  at  least  a  3rd  class  in  Elementary  Mathematics. 
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EXHIBITIONS  AND  FREE  ADMISSIONS  AT  THE  GOVERN- 
MENT SCHOOL  OF  SCIENCE,  DUBLIN. 

Royal  Exhibitions. 

1.  There  are  ten  Royal  Exhibitions  to  the  Government  School  of 
Science,  Dublin,  of  the  value  of  501.  per  annum,  entitling  the  holders  to 
free  admission  to  all  the  lectures  and  to  the  chemical  and  metallurgical 
laboratories  at  the  Government  School  of  Science,  Dublin,  to  be  held 
from  year  to  year  for  three  years,  on  the  condition  that  the  holder  attends 
the  lectures  regularly  during  those  years,  and  passes  the  examinations 
required  for  the  associateship  of  the  school. 

At  the  May  1868  Examination  three  of  the  above  Royal  Exhibitions 
will  be  open  for  competition,  independently  of  the  prizes,  &c.  offered  by 
the  Science  and  Art  Department. 

All  persons  over  21  years  of  age,  excepting  artisans  and  such  as  come 
within  the  category  of  persons  paid  upon  under  the  Science  Directory, 
will  be  excluded  from  competing  for  the  Royal  Exhibitions.  Special 
cases,  however,  must  be  determined  according  to  the  spirit  of  the  niles, 
and  the  object  of  the  endowment. 

The  competition  for  the  Royal  Exhibitions  will  be  determined  by 
affixing  the  following  values  to  tne  several  results  of  the  May  Examina- 
tion (see  Science  Directory),  viz. : — 


To  a  1st  grade  in  any  subject 

To  a  2nd     „ 

To  a  8rd      „  „ 

To  a  4th      „ 

To  a  6th      M         '    u 


9  marks. 
7      „ 
B        » 
3       .. 
1       .. 


and  in  addition — 

For  a  gold  medal,    ^  -         -   10      „ 

Por  a  silver  medal  „  -  -         -     7      ^, 

For  a  bronze  medal, ,,  -         •         •     6      „ 

N.B.— Science  Certificated  Teachers  may  compete  for  the  Boyal  Exhibitions.  When 
cominff  up  simply  with  this  object  they  should  inform  the  Science  and  Art  Department, 
80  that  their  names  may  not  appear  in  the  published  list  with  the  students. 

Free  Admissions. 

2.  Free  admissions  to  the  lectures  at  the  Government  School  of  Science, 
Duhlin,  are  granted  to  any  person  who  takes  a  gold  medal  in  the  May 
Examination. 

But  no  candidate  will  he  allowed  to  take  a  Scholarship  who  has  not 
ohtained  at  least  a  drd  class  in  Elementary  Mathematics. 
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foRM  of  Application  for  the  Royal  Exhibitions  to  the  Royal 
School  of  Mines,  Jermyn  Street,  London,  and  the  Government 
School  op  Science,  Dublin. 

The  following  candidates  at  the  recent  May  Examinations  are  candi- 
dates for  the  Royal  Exhibitions  at  the* 


and  they  are  either — 
L  Under  21  years  of  age. 

2.  Or  artisans  or  operatives  in  the  receipt  of  weekly  wages,  supporting 

themselves  by  their  own  manual  labour,  or  their  children  not 
earning  their  own  livelihood. 

3.  Or,  although  not  artisans,  yet  such  as  may  fairly  be  considered  as 

belonging  to  the  industrial  classes,  as  coming  within  one  of  the 
following  categories,  or  being  the  children  of  such. 

a.  Though  paid  at  longer  intervals  than  a  week,  still  supporting 
himself  by  his  own  manual  labour  and  not  by  profit  on  the  labour 
of  others,  that  is,  not  employing  apprentices,  journeymen,  etc. 

b.  Though  not  supporting  himself  by  manual  labour,  yet  being 
of  the  same  means  and  social  level  as  those  who  do  so,  (such  as 
shopkeepers  who  have  onlv  petty  stocks  and  employ  no  one  but 
members  of  their  own  family,)  pohcemen,  coast-guards,  etc. 

c.  Though  not  supporting  himself  by  manual  labour,  yet  such 
as  it  would  be  unreasonable  to  expect  to  pay  the  fee  of  middle 
class  students,  as  some  descriptions  of  clerks,  shopmen,  etc.,  and 
we  certify  that  they  or — ^in  case  they  are  not  earning  their  own 
livelihood — ^their  fathers  are  not  assessed  to  the  income  tax. 

4.  That  they  are  entitled  to  be  considered  as  a  special  case  on  the 

following  grounds : — 


We  hereby  certify  that  the  above  particulars  are  correct. 

Chairman  or  Secretary, f 

J  Two    members  of  the 

L  Committce.f 

*  After  each  name  must  be  stated  all  the  successes  of  the  candidate  at  the 
May  Examinations  and  tbe  category  under  which  he  claims. 

f  Should  the  candidate  not  have  been  a  student  in  any  Science  School  or 
Class  imder  a  regular  constituted  Committee,  this  voucher  must  be  certified 
by  three  householders  whose  occupation  and  address  must  be  given  in  full. 
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SCIENCE  FORM,  No.  88. 


LOCAL  COMMITTEES  FOR  SCIENCE  SCHOOLS 
AND  CLASSES. 

L  A  Local  Committee  of  not  less  than  five  well-known  responsible 
persons  must  be  formed  in  connexion  with  every  Science  class^  in  order 
to  comply  with  the  necessary  requirements  of  the  Science  and  Art  De- 
partment^ and  to  carry  out  various  arrangements  on  its  behalf  necessary 
for  testing  the  efficiency  of  the  sdence  in^ruction^  on  the  proof  of  which 
alone  the  aid  of  the  Department  is  given. 

2.  The  gentlemen  proposed  to  act  on  this  Committee  are  to  fill  in  the 
form  on  the  next  page,  stating  their  willingness  to  carry  out  the 
necessary  arrangements  for  examinations,  &c.,  and  giving  tne  address 
and  occupation  of  each  member. 

3.  The  relation  of  the  Committee  to  the  teacher  of  a  Science  school  or 
class  will  vary  much  according  to  the  varying  circumstances  of  different 
localities.  In  some  places  where  the  demand  for  science  instruction  is 
great,  and  there  is  an  energetic  local  teacher  to  take  advantage  of  it,  the 
chief  duty  of  the  Local  Committee  may  be  to  give  the  teacher  the 
necessary  vouchers  for  obtaining  his  payments.  While  in  other  places, 
where  those  who  take  on  interest  in  and  wish  to  farther  science  instruc- 
tion may,  with  that  object,  subscribe  to  and  establish  scientific  classes 
either  in  connexion  with  an  existing  institution  or  not,  and  may  engage 
a  teacher  certificated  in  science  to  instruct  the  classes,  the  teacher  must, 
to  a  great  extent,  be  the  paid  officer  of  the  Committee.  With  these  local 
arrangements  the  Science  and  Art  Department  does  not  interfere,  but 
leaves  them  to  the  locality  to  settle.  The  local  circumstances  will  de- 
termine whether,  as  in  the  first  case,  the  master  receiving  the  whole  of 
the  fees  for  instruction  should  provide  at  his  risk  the  room  for  instruc- 
tion, with  the  necessary  firing,  lighting,  &c.,  or  what,  as  in  the  second 
case,  should  be  the  proportion  of  the  fees  deducted  on  this  account  by  the 
Committee. 

4.  The  Science  and  Art  Department  requires  that  the  Local  Conunittee 
shall^ 

a.  Be  responsible  for  the  safe  custody  of  all  apparatus  towards  the 
purchase  of  which  the  Department  has  paid  50  per  cent. 

h.  That  they  shall  provide  a  room  or  rooms  of  sufficient  size  to  carry 
out  the  annual  examination  according  to  the  detuled  regulations 
under  that  head.  This  examination  is  of  aU  persons  who  wish  to 
present  themselves,  and  not  only  of  those  taught  by  the  certifi- 
cated teacher ;  but  those  persons  who  are  not  taught  by  the  certi- 
ficated teacher  must  send  in  their  names  before  the  1st  March,  and 
may  be  required  to  pay  a  registration  fee  of  2s.  6d.  for  the  whole 
examination. 

e.  That  a  school  register,  showing  the  attendance,  number  of 
lessons,  payment  of  fees,  &c.,  on  an  approved  form,  be  kept 
properly  fiUed  up,  and  sent  to  the  Science  and  Art  Department 
when  required. 

d.  That  they  shall  send  in  to  the  Secretary  of  the  Science  and  Art 
Department  the  list  of  students  to  be  examined,  before  the  end  of 
March,  specifying  the  subjects  in  which  they  are  to  be  examined. 
That  they  shall  be  responsible  for  conducting  and  superintending 
the  examination :  giving  out  the  examination  papers  which  will  be 
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sent  for  that  purpose :  seeing  them  worked  fairly  and  certifying 
to  the  same,  not  less  than  tm^e  of  the  Committee  being  always 
present :  and  sending  the  worked  papers,  tmder  seal,  by  the  day's 
post  to  the  Secretary  of  the  Science  and  Art  Department, 
e.  That  they  shall  certify,  firstly,  that  those  students  on  whose  ex- 
amination the  teacher  bases  his  claim  to  payments  on  results,  are 
artizans  or  operatives,  or  their  children,  or  can  claun  as  such  (see 
Science  Form,  No.  61  ;  and,  secondly,  that  they  have  received  25 
lessons  at  least  from  the  teacher  in  the  year  or  since  the  last  e3cami- 
nation,  on  theur  passing  at  which  payment  was  claimed  on  their 
account. 

5.  The  Science  school  or  class  must  be  at  all  times  open  to  the  visit 
and  inspection  of  the  of&cers  of  the  Science  and  Art  Department  as  a 
condition  to  the  grant  of  aid  from  it ;  if  at  any  time  it  is  found  that  the 
apparatus,  &c.,  towards  the  purchase  of  which  a  ^nt  has  been  made  is 
not  properly  taken  care  of,  or  that  a  proper  room  with  firing,  lighting,  &c., 
is  not  provided  for  the  class,  the  aid  of  the  Department  will  be  with- 
drawn. 

Note.— As  it  is  to  the  Committee  that  the  Department  looks  to  carry  out  the 
great  proportion  of  the  duties  of  the  school,  as  many  as  possible  of  the  mem- 
bers of  the  Committee  should  attend  on  the  inspector's  visit. 


Form  of  Application  to  act  as  a  Committee  for  a  Soibncb  School  or  Class. 

We  the  undersigned, 

[/.  The  Committee  shall  be  composed  entirely  of  well-known  responsible  persons 
of  position  who  are  quite  independent  of  the  school  or  class,  and  who  nave  no 
such  personal  interest  in  it  as  can  lay  them  open  to  the  slightest  suspicion  of 
partiality;  and  of  course  no  member  should  be  connected  with  the  Teacher, 
have  any  pupils  for  examination,  or  be  a  pupil  himself. 

g.  It  IS  very  desinbble  tha'  —    . 

public  responsibility 

rities  (Mayor.  AlderXu^^u,  ».  jl^.*..  ^/«/u<iv>«<v><>/,  ^«>»..  ^^  ^»»^«w.».  «.*«»- 
lishments  (Trustees  of  Orammar  Schools,  Managers  of  National  Schools), 
Clergymen,  &c.,  should  be  on  the  Conmiittee. 

h.  It  is  absolutely  necessary  that  at  least  two  such  responsible  persons  should 
affree  to  act 

«.  The  Committee'must  consist  of  a  Chaurman,  Secretary,  and  at  least  three  other 
Members. 

k.  The  Chairman  must  be  a  Magistrate,  Mayor,  Boroughreeve,  Provost,  or  Alder- 
man, or  other  public  officer  of  recognized  position.  Trustee  of  Grammar 
School,  or  Clergyman  of  the  Established  Chiuwh  in  parochial  emplovment. 

I.  The  Chairman  of  the  Committee  will  infbrm  My  Iflrds  as  to  the  constitution  of 
the  Committee  beinfc  in  accordance  with  these  requirements. 

m.  The  Secretary  of  the  Committee  of  the  Science  School  or  Class,  as  being  the 
medium  of  communication,  will  carry  on  all  correspondence  with  theSdence 
and  Art  Department,  and  is  held  responsible  for  making  out  and  sending  all 
returns  required,  for  the  receipt  and  distribution  of  the  examination  papers, 
the  transmission  of  the  worked  papers,  &c.,  at  the  proper  times  according  to 
the  regulations ;  and  in  consequence  of  the  necessan^  demands  on  his  tune 
and  trouble  My  Lords  have  sanctioned,  provisionally,  the  payment  to  him 
of  the  fo116wing  fees :— 12.  annually  for  furnishing  the  returns,  &c.  specified  on 
Science  Form,  l^o.  170,  connected  with  any  Science  school  or  class,  and  Ih  in 
addition  for  each  day's  examination  held  by  the  Committee  to  which  he  is 
Secretary.  The  "Secretary  must  be  a  member  of  the  Committee ;  the  require- 
ments in  par.  1  apply  equally  to  bim. 

n.  This  form  is  to  be  filled  in  and  returned  to  the  Department  annually  before  the 
16th  December,  except  in  the  case  of  new  schools  or  classes,  when  it  should 
be  made  as  soon  as  tney  are  formed.] 

propose   to    act  as  the    Local  Committee  for  the  Science  Class  held  at 

■  »       — ■ ■ —  ' 

and  taught  by , 
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so 


We  nndanake  for  the  year  at  least,  and  Airther  till  another  Committee 

satisflftctory  to  the  Science  and  Art  Department  has  been  appointed, 

1.  To  he  responsible  for  the  safe  custody  of  all  the  Apparatus,  Dia- 
grams, &c.,  towards  the  purchase  of  which  the  Department  has  in  any 
way  contributed. 

2.  That  three  or  more  of  our  number  will  be  ready  at  the  appointed  time 
to  be  present  at,  and  superintend,  the  examinations  of  the  Science 
Class  according  to  the  instructions  of  the  Science  and  Art  Depart- 
ment, and  give  the  teacher  the  necessary  vouchers. 

3.  That  a  room  or  rooms  shall  be  provided  for  the  due  carrying  out  of 
such  examination,  according  to  the  rules  of  the  Department,  providing 
sufficient  space  for  the  examination,  not  only  of  all  persons  taught  by 
the  certificated  teacher,  but  of  all  others  who  may  wish  to  attend  the 
examination. 

(A  fee  of  not  more  than  2s,  M.  may  be  chained  on  each  applicant  for 
examination  who  is  not  a  student  in  the  class,  to  remiburse  the  Committee  in 
any  extra  expenses  they  may  be  put  to  in  providing  a  room). 

4.  That  the  School  or  Class  shall  be  open  at  any  time  to  the  visit  and 
inspection  of  the  Officers  of  the  Science  and  Art  Department. 


SlGITATITRB. 

Addbbss. 

Occupation,  specially  stating 

how  f  ulfiUine  the  conditions 

of  "  flr."  and  "*/' above. 

CfuUrman. 

Secretary. 

I  certify  that  this  Committee  complies  with  the  requirements  of  the  rules 
/,  9,  h,  I,  and  k. 


Chairman, 

The  Secretary, 

Science  and  Art  Department 

This  form  may  be  had  on  application  to  the  Secretary ^  Science  and  Art 
Department,  South  Kensington. 


SCIENCE  FORM,  No.  168. 

Where  the  same  Committee  proposes  to  act  again  It  trill  iJot  be  neces-' 
sary  to  re-sign  the  above.  No.  88,  but  only  to  hold  a  meeting  and  fill  up 
this  form.  No.  168,  which  may  be  had  on  application. 
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SCIENCE  FORM,  No.  88  a. 


LOCAL  COMMITTEES  FOR  SCIENCE  SCHOOLS  AND  CLASSES 
NOT  RECEIVING  AID  FROM  BUT  EXAMINED  BY  THE 
SCIENCE  AND  ART  DEPARTMENT. 

This  Form  is  a  modification  of  the  previous,  No.  88.,  and  may  be  had  on 
application  to  the  Secretary,  Science  and  Art  Department,  South  Kensington. 


SCIENCE  FORM,  No.  120. 


SCIENCE  CLASSES  UNDER  CERTIFICATED  TEACHERS. 
Annual  Repobt  op  Science  School  ob  Class, 

To  be  made  on  its  establishment,  and  annually  (before  the  1st  January)  of  its 

continuation. 
Name, of  Town 

Place,  as  Mechanics'  Institution,  &c.,  in  which  the  Classes  are  held 

Name  of  Street,  No.,  &c. 


Name  of  Teacher  or  Teachers^ 
Their  private  addresses 


Total  No.  of  individual  Students, 


(If  a  student  attends  two  or  more  classes  he  must  only  be  counted  as  one  student.) 


Classes  in 
(state  subject). 


Fees. 


No.  of 
Students. 


Days  on  which 
they  meet. 


Hours  of 
Meeting. 


Period  of  the  Year 

during  which 
the  Classes  continue. 


Names  op  Seceetaby  and  Mekbebs  op  the  Committee. 

(The  undertaking  on  Science  Form,  No.  88,  is  for  the  year  at  least,  and  ftirther  till 
another  Committee  satisfactory  to  the  Science  and  Art  Department  has  been  appointed. 
This  Form,  No.  88,  must  therefore  be  filled  in  and  sent  to  the  Department  annually 
when  the  class  recommences,  except  in  those  cases  in  which  the  whole  of  the  Committee, 
wishing  to  continue,  formally  authorize  the  Chairman  and  Secretary  to  report  to  that 
eti'ect.  It  will  then  onl^  be  necessary  for  new  members  to  sign  the  form  undertaking  to 
perform  the  various  duties.) 
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SCIENCE  FORM,  No.  61. 

SCIENCE  AND  ART  DEPARTMENT  OF  THE  COMMITTEE  OF 
COUNCIL  ON  EDUCATION,  SOUTH  KENSINGTON. 


Application  from_ 


,  Science  Teacher  in 


Scho<^  or  Institution  at 


Jor  payment. 


On  behalf  of  the  Committee  of  Management  of  this  School,  We  do  hereby 
certify ; — 

(1).  That  Mr. has  duly  performed  the  various  duties 

deyolving  upon  him  as  a  Science  Teacher  in  the  School,  during  the 

ending day  of \ 186    . 

(2).  That  he  has  given  the  following  Students  at  least  25  lessons  during 
the  year,  or  since  the  last  examination  at  which  payment  was  claimed 
on  their  account,  in  each  subject  for  which  payment  is  claimed. 
(3).  That  the  under-mentioned  students  are  artizans  or  operatives  *  in  the 
receipt  of  weekly  wages,  supporting  themselves  hy  their  own  manual 
labour;  or  their  children  not  earning  their  own  livelihood, 

Secretary. 

. 1  Two  mem- 

\     bers  of 
J  Committee. 


I  hereby  certify  that  the  following  particulars  are  correct 


-Teacher. 


Names  of  passed  Artizan  or  Operative  Students.* 

If.B.— The  names  of  the  students  must  be  arranged  alphabetically.  After  each  stu- 
dent's name  must  be  placed  his  several  successes  (if  he  has  more  than  one) ;  and 
in  the  last  column  the  amount  claimed  on  each  success  after  making  the  proper 
deductions. 


Surname. 

Christian 

Name  in 

full. 

li 

^1 

Trade,  or 

father's  trade. 

(State  which 

is  given). 

Position  at 

the  late 

Examination. 

Highest  Position 

in  same  Subject 

at  any  previous 

£xamitiation. 

Pay. 

ment 
claimed. 

Subject,  1  Grade. 

4 

&c. 

*  Should  the  Teacher  have  instructed  any  Students  who  may  fairly  be  considered  to 
belong  to  the  industrial  classes,  but  whose  wa^rcs  are  paid  at  longer  intervals  than  a 
week,  or  who  do  not  support  themselves  by  their  own  manual  labour,  the  claims  on 
their  account  must  be  made  by  the  Oommittec  of  the  school  on  the  form  on  page  3, 
when  they  wi)l  be  considered  on  their  merits. 
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On  behalf  of  the  Committee  of  the  School,  We,  the  nndersigned,  beg  leave 

to  recommend  that  the  Teacher,  Mr. be  allowed  to 

claim  the  allowances  on  the  following  students,  whom  we  consider  maj  &irly 
be  taken  as  belonging  to  the  industrial  classes,  as  coming  within  one  of  the 
following  categories,  or  being  the  children  of  such. 
a.  Though  paid  at  longer  intervals  than  a  week,  still  supporting  himself  by 
his  own  manual  labour  and  not  by  profit  on  the  labour  of  others,  that 
is  not  employing  apprentices,  journeymen,  &c. 
0,  Though  not  supporting  himself  by  manual  labour,  yet  being  of  the  same 
means  and  social  level  as  those  who  do  so  such  as  shopkeepers  (who 
have  only  pnetty  stocks  and  employ  no  one  but  members  of  their  own 
family),  policemen,  coast-guards,  &c. 
c.  Though  not  supporting  himself  by  manual  labour,  yet  such  as  it  would 
be  unreasonable  to  expect  to  pay  tlie  fee  of  middle  class  students,  as 
some  descriptions  of  clerks,  shopmen,  &c. 
We  certify  to  the  best  of  our  belief- 
CD.  That  he  has  given  them  (25)  lessons  at  least  during  the  year,  or  since 
the  last  examination  at  which  payment  was  claimed  on  their  account, 
in  each  subject  for  which  payment  is  claimed. 
(2).  That  they,  or — in  case  they  are  not  earning  their  own  livelihood — ^their 

Others  are  not  assessed  to  the  income  tax. 
(3).  That  the  following  particulars  on  which  the  Teacher  grounds  his 
application  are  correct. 

Secretary. 

"]  Two  mem- 

I     bers  of 

J  Committee. 


I  hereby  certify  that  the  following  particulars  are  correct 


-Teachep. 


Names  of  Passed  Students  clazmino  as  Industrial  Classes, 

N.B.— The  names  of  the  students  must  be  arranged  alphabetically.  After  each  student's 
name  must  be  placed  his  several  successes  (if  he  has  more  than  one) ;  and  in  the  last 
column  the  amount  claimed  on  each  success  with  the  proper  deductions. 
Under  the  names  qf  students  in  cateffory  "c"  a  line  must  be  drawn. 


Surname. 

Christian 

Name  in 

fUll. 

St 

Trade,  or 
father's  trade. 
(State  which 

is  given). 

Position  at 

the  late 

Examination. 

Highest  Position 

in  same  subject 

at  any  previous 

Examination. 

^6 

ment 
claimed. 

Subjivt.  1    Grade. 

&c. 

The  Secretary, 

Science  and  Art  Department 


(The  following  particulars  will  be  filled  up  at  South  Kensington.) 
Examined  and  found  correct  to  the  extent  of 


Approved^ 


_day  of_ 
.day  of  _ 


.186 
.186 
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[specimen.] 

Science  Form,  No.  51. 
South  Kensington,  July  1865. 

SCIENCE   AND   ART   DEPARTMENT   OF  THE  COMMITTEE  OF 
COUNCIL  ON  EDUCATION,  SOUTH  KENSINGTON. 

Application  from  John  Smith,  Science  Teacher  in  the  Science  School 
or  Institution  at  Midhurst  for  payment. 


On  behalf  of  the  Committee  of  Management  of  this  School,  We  do 
hereby  certify : — 

(1.)  That  Mr.  /.  Smith  has  duly  performed  the  various  duties  de- 
volving upon  him  as  a  Science  Teacher  in  the  School,  during 
the  year  ending  '6\st  day  of  May  1865 ; 

(2.)  That  he  has  given  the  following  Students  at  least  25  lessons 
during  the  year,  or  since  the  last  examination  at  which  payment 
was  claimed  on  their  account,  in  each  subject  for  which  pay- 
ment is  claimed ; 

(3.)  That  the  under-mentioned  students  are  artizans  or  operatives  *  in 
the  receipt  of  weekly  wages,  supporting  themselves  by  their  own 
manual  labour;  or  their  children  not  earning  their  own  livelihood, 

Wm.  Brown,  Secretary. 

John  Jones,  r^\l^lf' 
James  Robinson,^^^^.^^^ 

1  hereby  certify  that  the  following  particulars  are  correct. 

John  Smith,  Teacher. 

Names  of  Passed  Abtizan  or  Opebative  Stuoemts.* 

N.B.— The  names  of  the  students  must  be  ai*ranged  alphabetically.  After  each  student's 
name  must  be  placed  his  several  successes  Uf  he  has  more  than  one) ;  and  in  the  last 
column  the  amount  claimed  on  each  success  after  making  the  proper  deduction. 


Surname. 

Christian 
in  full. 

Trade,  or 
father's  trade. 
(State  which 

is  given). 

Position  at 

the  late 
Examination. 

Highest  Posi- 
tion in  same 
Subject  at 
any  previous 
Examination. 

Payment 
claimed. 

Sal^ect. 

Grade 

Adamst 
»» 

Barber, 
SmUh, 

Jamea, 

John  Wm. 
Henry, 

WiUiam, 

22 
11 

12 

CarpenteTy 
»* 

Butcher  if) 
Baker  if) 

X, 

XL 

XIV. 

X. 

XL 
L 

2ind 
Pose 
let 

Wh 
let 

2nd 

£    8, 

6    0 

1  0 
0  10 
0  10 

2  0 
5    0 

•  Should  the  Teacher  have  instructed'any  Students  who  may  fairly  bo  considered  to 
belong  to  the  industrial  classes,  but  whose  wages  are  paid  at  longer  intervals  than  a 
week,  or  who  do  not  support  themselves  by  their  own  manual  labour  the  claims  on 
their  account  muMt  be  made  by  the  Committee  of  the  school  on  the  form  on  page  8, 
when  they  will  be  considered  on  their  merits. 
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SCIENCE  FORM,  No.  108. 


Application  from Secretary  of  the  Local 

Committee  for  the  Science  School  or  Class  at 

for  payment  of  allowance  for  duties  connected  with  the  School,  and  for 
superintending  the  examination. 


Sir, 

Being  entitled  to  payment  according  to  the  regulations  of  the 
Science  '' Directory  *'*  for  duties  connected  with  the  Science  Class  at 

and  for  superintending  the  arrangements 

for  carrying  out  the  examinations  on the  following  days 

in  May  186    ,  J  request  that  the  sum  of  £  may 

be  paid  to  me,  being  the  authorized  fee. 

Dates  of  Examination.  Dates  of  Examination.  Dates  of  Examination. 


I  am.  Sir, 

Your  obedient  Servant, 
The  Secretary, 

Science  and  Art  Department, 


CONDITIONS  UNDER  WHICH  Apparatus,  Instruments,  Books, 

&C.    MAY    BE    OBTAINED    BY     SciENCE    ScHOOLS     OR     ClASSRR 

(taught    by  a    Teacher   certificated    in   SciENCB),t  in 
Public  Schools,  Mechanics'  Institutions,  &c. 

1.  The  Lords  of  the  Committee  of  Council  on  Education,  having  had 
under  their  consideration  several  appUcations  from  the  managers  and 
masters  of  Mechanics'  and  other  Institutions,  for  grants  to  he  made  to 
them  of  Apparatus  and  Illustrations,  recommended  by  the  Science  and 
Art  Department  for  teaching  science,  think  it  necessary  to  adopt  some 
general  principle  which  shall  regulate  the  decisions  of  the  Committee  in 
reference  to  such  apphcations. 


•  £1  annually  for  ftirnishing  the  returns,  &c.  specified  on  Science  Form  No.  170.  con- 
nected with  any  Science  school  or  class,  and  £1  in  addition  for  each  day's  examination 
held  by  the  Committee  to  which  he  acts  as  Secretary.  ^^ 

t  Appwpatus  not  exceeding  lOi.  in  value  may  be  obtained  hy  poor  Schools  and  Me- 
chamcs' Institutes,  not  taught  by  a  certificated  teacher,  undergo  same  conditions, 
that  18,  the  Department  wilTaid  them  to  the  extent  of  5i.  ^^^  wuviwuhb, 
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Their  Lordships  have  already  fully  recognized  the  great  importance  of 
practical  science  to  all  classes  of  the  community,  in  all  relations  of  life. 
They  are,  therefore,  desirous  that  the  Science  and  Art  Department  should 
assist,  as  far  as  possible,  in  promoting  the  distribution  of  diagrams  and 
apparatus  as  the  means  of  accomplishing  this  object;  but  as  the  m- 
discriminate  gift  of  these  aids  for  instruction  to  all  applicants  might  lead 
to  abuse,  it  is  necessary  to  require  some  guarantee  that  they  will  be  duly 
appreciated,  which  the  mere  request  to  have  them  does  not  imply. 

The  principle  which  governs  the  whole  proceedings  of  the  Department 
in  all  its  branches  is  to  afford  partial  aid,  and  to  encourage,  but  not 
supersede  public  exertions  in  promoting  education  in  science.  They  have, 
therefore,  resolved  that  the  Department  shall  have  the  power  to  assist 
schools  and  classes  taught  by  a  certificated  teacher  in  Mechanics'  and 
other  institutions  in  purchasing  diagrams  and  apparatus  for  teaching 
science  at  a  reduction  of  50  per  cent,  on  the  net  cost. 

lists  of  the  scientific  diagrams  and  apparatus  prepared  by  the  Depart- 
ment, according  to  conditions  of  the  following  Minute,  may  be  obtained 
of  the  Secretary  of  the  Science  and  Art  Department,  South  Kensington, 
London,  W.  It  should  be  distinctly  understood  that  the  aid  of  the. 
Department  in  purchasing  these  articles  at  a  reduced  price,  if  above  10/. 
in  value,  can  be  granted  only  to  public  schools  and  institutions  when 
taught  by  a  certificated  teacher. 

Minute  of  the  23rd  March  1860. 

**The  Lords  of  the  Committee  of  Council  on  Education  desire  to  afford 
the  greatest  facilities  to  teachers  of  science  and  navigation  schools  in 
obtaining  the  best  instruments,  apparatus,  &c.,  for  giving  instruction  in 
science  and  navigation,  towards  the  purchase  of  which  the  Science  and 
Art  Department  is  authorized  to  pay  50  per  cent,  of  cost ;  and  they  con- 
sider that  the  fullest  opportunities  should  be  given  to  manufB.cturers  in 
all  parts  of  the  Kingdom  for  supplying  such  apparatus,  &c.  At  the  same 
time  it  is  necessary  that  the  Science  and  Art  Department  should  have 
some  guarantee  that  the  apparatus  and  instruments  are  of  good  quality, 
and  moderate  in  price.  My  Lords  have  therefore  laid  down  the  following 
rules  and  conditions : — 

"  1.  Samples  of  all  articles  on  the  manufacturer's  list  are  to  be  sent  to 
the  Educational  Collection,  South  Kensington  Museum,  for  exhibition, 
where  they  will  be  arranged  separately,  according  to  the  science  for  which 
they  are  intended,  so  as  to  afford  teachers  and  others  facility  in  inspect- 
ing them  and  making  a  choice. 

"  2.  The  manufacturer  is  to  supply  priced  catalogues  of  such  articles 
printed  in  demy  8vo.,  in  order  that  the  various  catalogues  may  be  bound 
up  together  and  supplied  when  asked  for. 

"  3.  The  manufacturer  is  to  guarantee  that  the  articles  exhibited  are 
fidr  samples  of  those  specified  in  the  priced  catalogue,  and  he  must  engage 
to  take  back  any  article  supplied  to  schools  which  may  be  inferior  to  the 
standard." 

Manufacturers  willing  to  comply  with  these  conditions  are  to  make  a 
statement  to  that  effect,  and  to  send  lists  of  apparatus,  instruments, 
books,  &c.  in  the  following  sciences: — 1.  Practical  plane  and  descriptive 
geometry,  mechanical  and  machine  drawing,  and  building  construction ; 
2.  Physics  (mechanical  and  experimental);  3.  Chemistry;  4,  Geology 
and  mineralogy ;  5.  Natural  history  (zoology  and  botany,  vegetable  and 
jmiipal  physiology) ;  6.  Navigation  and  nautical  astronomy,  and  physical 
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geography.  If  these  lists  and  prices  are  such  as  can  be  approved  of,  the 
manufacturer  will  be  informed,  and  as  soon  as  possible  on  his  fulfilling 
the  conditions,  his  list  will  be  inserted  in  the  catalogue.  The  catalogue 
will  undergo  a  revision  at  least  once  a  year,  when  manufisusturers  may 
send  any  improved  forms  of  apparatus,  &c. 

The  selection  of  the  manufacturer  will  lie  wholly  with  the  Committee 
of  the  school.  On  their  demand  being  sanctioned,  the  manufacturer  will 
receive  instructions  to  supply  the  articles  upon  his  receiving  the  50  per 
cent,  due  from  the  schooL 

On  obtaining  a  receipt  from  the  Committee  of  the  school  (which  is 
included  in  the  form  of  the  requisition)  that  the  articles  have  been 
received,  the  remaining  50  per  cent,  will  be  paid  quarterly  to  the  manu- 
facturer by  the  Department. 

2.  Payments,  including  charge  for  packing,  must  be  made  in  advance 
to  the  agents  on  receipt  of  the  invoice.  The  goods  to  be  sent  at  the  risk 
of  the  purchaser. 

All  communications  to  be  addressed  to  the  Secretary  of  the  Science 
and  Art  Department,  South  Kensington,  London,  W. 

By  Order  of  the 
Committee  of  Council  on  Education. 

N.B. — ^Apparatus  grants  will  in  future  be  rigorously  confined  to  articles 
of  a  permanent  and  non-destructible  nature;  hence  no  aid  will  be 
afiforded  in  the  purchase  of  breakable  articles,  such  as  glass  retorts,  test 
tubes,  &c.,  or,  indeed,  generally  in  the  purchase  of  articles  to  be  used  by 
the  student  as  distinguished  from  those  of  a  permanent  and  illustrative 
character  which  are  required  by  the  teacher  in  giving  instruction  in 
science. 

Grants  are  only  made  in  the  purchase  of  one  object  of  the  same  kind. 
Duplicates  of  apparatus,  &c.  are  not  allowed  at  the  reduced  rate. 
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SCIBNCE  FORM,  No.  49. 

FosK  of  RbquisiTiom  which  may  he  had  on  application  to  the  Secretary, 

Science  and  Art  Department. 
The  following  Bequisition  for  Aid  in  purchasing  apparatus,  &o.,  after  being  fUled 

up  as  required^  is  to  be  transmitted  to  "The  Secretary  of  the  Science  and  Art 

Department,  South  Kensington,  London.  W." 

N.B.— Itis  to  be  understood  that  the  Department  has  a  Hen  on  the  apparatus,  &c., 
fkirnished  to  public  institutions  to  the  amount  of  the  public  aid  given  in  supplying 
them ;  they  cannot  therefore  be  sold. 

1.  Requisition  for  Aid  in  purchasing  apparatus,  &c  ^o.  1  appli-> 

For  the  use  of- ■ School  or  Institution  (»)  cation  to  be 

IntheCltyorTownof  (.) SJ^S&. 

In  the  County  of i&t  with 

Male  I  Female  fmlpar' 

art. 


Having 
(*)  Erase  the 
words  that 
do  not  apply. 

and 


(*)  Pupils  (Artizans  or  Operatives)  of  the  Science 
Class. 


(*)  Scholars  or  Members  of  Poor  School  or  Me- 
chanics Institute. 


Total. 


I  request  the  aid  of  the  Department  in  obtaining  fTom  M-, 

the  apparatus.  &c.,  named  in  the  opposite  page,  and  I  undertake  that  the  same  shall  be 
kept  and  used  in  the  above-mentioued  (*)  school  or  institution  for  which  they  have 
been  demanded. 

The  address  to  which  the  parcel  is  to  be  sent  is  as  follows  r^ 

To  be  forwarded  to 

per at 


Dated  this- 


Signature  of  Requisitionist. 

-day  of 186    . 


Bequisition  sent  toM 
this- 


day  of 


-186 


i»mn  ■  ■  * uc^    wi  ■  ■  -  '■  xow        y 

and  authority  given  for  the  supply  of  Articles  to  the  extent 
of 


Net  Sum 


-will  be  paid  by  the  Department,  and  £- 


A^nt  No.  2  to  be 
"^^   filled  in  by 
the  Depart- 
ment. 


-,  together  with 


ofwhichiJ . _      ^     

the   cost  of  packing,  by  the  school  or  institution,  previous  to  the  goods  being 
applied. 

-  Assistant  Secretary. 


3.  Invoice  of  articles  sent  to  Bequisitionist  as  under,  this  - 

of 186    . 

Articles  (Retail  Price)      - 
Deduct  as  above,— 

Aid  hy  Department    -         -         -  -I 


Add,  for  packing 
Total  to  be  paid  by  Requisitionist 


day  No.  8  to  be 
filled  in  by 
agent  on 
transmis- 
sion of  the 
invoice. 


4.  Amount  i 


-received  firom  schools  this- 
-186   . 


day  of  ^os.  4  and  6 

^      to  be  filled 
•  Agent,     in  by  agent. 


6.  Examples  forwarded  as  directed  above,  together  with  Requisition,  this 

day  of 186    . 

■  Agent.     -_       .    ^^ 

6k  Examples  as  per  invoice  received,  and  •Requisition  returned  to  Agent,  this ?,?•  S  f  °  5® 

daybf 186    .  ^  g^edtoby 

Requisitionist.     gequisition- 

*  It  is  requested  this  paper  may  be  returned  to  the  Agent  in  an  entire  state  after  the 
examples  have  .been  recSved. 
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SCIENCE  FORM,  No.  91. 

Rules  for  thb  Conduct  of  Sciknck  Examinations. 

1.  The  followmg  rules  must  be  hung  up  in  the  examination  room  for 
the  information  of  the  candidates  one  week  before  the  examination. 
They  should  all  be  carefully  read  by  the  members  of  the  Committee. 
Those  marked  with  an  asterisk  must  be  read  aloud  before  the  Committee 
and  the  candidates  on  each  night  immediately  before  the  examination 
begins. 

2.  A  room  or  rooms  of  such  a  size  that,  when  seated,  the  candidates 
shall  be  at  least  five  feet  apart,  from  centre  to  centre,  must  be  provided 
for  the  examination. 

3.*  All  Diagrams,  &c.  must  be  removed  from  the  walls  of  the  examina- 
tion room. 

4.  Ink  and  blotting  paper  must  be  provided.  All  arrangements  for 
the  accommodation  of  candidates  must  be  completed  by  6.30  p.m. 

5.  If  one  room  is  used  three  of  the  Committee  must  be  present  during 
the  whole  of  the  examination,  if  more  than  one  room  then  two  of  the 
Committee  per  roora,t  who  must  carefully  watch  the  whole  examination 
and  see  that  candidates  use  no  unfair  means  either  by  assisting  one 
another  or  using  books  or  notes.  The  members  of  the  Committee  can, 
if  they  wish  it,  relieve  one  another,  so  long  as  the  correct  number  are 
always  present.  No  persons  not  on  the  Committee  are  permitted  to  be 
present. 

6.  The  examination  papers  will  be  forwarded,  under  cover,  to  the 
Secretary  of  the  Committee  so  as  to  be  received  by  him  on  the  morning 
of  the  day  before  that  fixed  for  the  examination. 

'  7-*  The  candidates  must  be  seated  at  their  places  at  6.50  p.m.  After 
this  time  no  candidate  shall  be  admitted  except  under  very  exceptional 
circumstances,  and  that  only  by  express  permission  of  the  Committee, 
and  if  no  person  who  has  seen  the  examination  paper _has  left  the  room. 
No  candidate  may  on  any  account  be  admitted  after  7.30  p.m. 

8.*  The  examination  papers  must  be  opened  in  the  examination  room 
in  the  presence  of  the  Committee,  at  6.55  p.m.  No  examination  paper 
may  be  taken  from  the  room  till  after  8  p.m. 

9.*  When  the  candidates  are  seated  and  the  papers  given  out,  the 
Committee  will  see  that  the  candidates  commence  by  filling  in  their  names, 
&c.,  where  directed.  AU  the  worked  papers  must  be  coUected  at  10  ^.m., 
initialed,  put  under  cover,  and  sealed  in  the  presence  of  the  members  of 
the  Committee ;  and  forwarded  by  the  first  post  to  the  Secretary  of  the 
Science  and  Art  Department. 

10.*  Candidates  must  on  no  account  bring  anything  with  them  into  the 
examination  room,^  except  pens  and  pencils.  No  scribbling  paper,  slates, 
or  an3rthing  of  that  nature  must  be  allowed.§  Arrangements  must  be 
made  by  which  all  books,  note-books,  &c.,  can  be  given  up  and  left  at  the 
door. 

1 1,*  Candidates  must  not  on  any  pretence  whatever  speak  to  one 
another  after  the  papers  have  been  given  out.  If  a  candidate  should 
require  to  ask  a  question,  he  will  hold  up  his  hand,  when  a  member  of 
the  Committee  will  attend  to  him,  but  no  question  on  the  meaning  of 
any  portion  of  the  examination  paper  must  be  asked  or  answered. 

12.  It  may  be  of  service  to  the  Committee  that  the  teacher  of  the 

t  When  there  are  not  more  than  three  candidates  it  will  not  be  neoesaaiy  for  more 
than  two  members  of  the  Committee  to  be  present  at  the  examination. 

t  £xcept  such  as  by  the  Time  Table  (Scieface  Form,  No.  90)  are  required. 

§  It  is  absolutely  necessary  that  nothing  that  can  be  passed  firom  one  candidate  to 
another  should  be  allowed.  Rough  work  and  calculations  must  be  done  on  the  supplied 
form,  the  back  of  each  leaf  of  the  form,  i^.,  pages  2, 4,  6,  and  8,  may  be  reserved  for  this 
purpose,  thepen  being  drawn  through  to  show  that  they  atre  not  for  the  examiner.  Sut 
nothing  mutt  be  torn  off  the  form. 
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class  should  attend  before  the  examination  begins  to  assist  in  getting 
the  candidates  into  their  places,  &c. ;  but  from  the  peculiar  character  of 
the  examination  it  is  so  very  necessary  that  not  the  slightest  opportunity 
for  misconstruction  should  exist  that  it  is  evident  that  be  should  not  be  in 
the  room  affcer  the  examination  papers  are  opened.  Information  of  his 
having  remained  in  the  room  after,  this  will  at  once  lead  to  the  examina- 
tion being  declared  null.t 

13.*  The  examination  papers  being  given  out  no  candidate  must  be 
allowed  to  return  after  having  once  left  the  room.]!  On  a  candidate 
leaving  the  room  his  papers  must  be  taken  up. 

14.*  At  10  p.m.,  preci8ely§,  all  the  candidates  must  cease  working,  and 
members  of  the  Committee  will  collect  their  worked  papers  from  them 
at  their  places.  It  will  therefore  be  advisable  to  warn  them  ten  minutes 
before  the  time.  The  papers  will  be  initialed,  by  the  Committee  as 
directed,  as  they  are  received  from  each  candidate,  as  a  guarantee  that 
each  has  been  worked  by  him  whose  name,  &c.  it  bears.  Should  a 
candidate  have  completed  his  work  before  10  p.m.  he  may,  by  permission 
of  the  Committee,  go  away  at  once,  after  his  worked  paper  has  been 
taken  by  a  member  of  the  Committee. 

16.*  Should  a  candidate  break  any  of  the  foregoing  rules,  ask  from  or 
give  information  to  another,  or  use  un^edr  means  of  any  description,  he 
must  be  at  once  expelled  the  examination  room,  and  his  paper  cancelled, 
and  the  Committee  will  state  on  it  the  cause  of  his  expulsion. 

16.  On  these  examinations  depend  large  grants  of  public  money.  On 
their  being  fairly,  honestly,  and  impartially  carriea  out  depends  the 
continuance  of  the  system.  The  Committees  are  intrusted  with  this 
duty.  They  will  see,  then,  how  necessary  it  is  to  be  extremely  careful  in 
conducting  them,  and  to  insist  on  the  foregoing  rules  being  comphed 
with  to  the  letter.  They  are  therefore  required  to  sign  and  forward  this 
form  with  each  set  of  worked  papers. 

We,  the  undersigned,  members  of  the  Committee  of  the  Science 
School  or  Class  held  at 

hereby    certify    that   we    were    present    during    the    examination    in 
neld  in  the 

on  the  evening  of  the \ where  the  accompanying 

papers  were  worked  in  our  presence,  and  that  the  foregoing  rules  have 
been  strictly  comphed  with. 

Dated  this day  of 186    . 


Signiatures. 


Time  Present. 


*i  VvRV^^  **^^*®**'^®'  ®'  ?*^®  *^^*®^  ^i^  *o  compete  at  this  examination  for  the  Eoyal 
Exhibitions,  he  must  apply  specially  to  the  Committee  for  permission,  so  that  they 

"^y^^F^^Sf®  ^  '**^®  *  **^1®  ">'  ^^^  close  to  their  own  seats,  and  not  with  the  other 
canaiaates. 

Jjlt  will,  therefore,  be  desirable  to  make  some  arrangement  for  the  candidates  to 
retire  within  the  room. 
§  Except  in  the  Drawing  Examinations,  subjects  1,  2,  and  3,  then  the  hour  is  11  p.m. 
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SYLLABUS  OF  THE  SUBJECTS  IN  WHICH  EXAMI- 
NATIONS ARE  HELD  BY  THE  DEPARTMENT 
OF  SCIENCE  AND  ART. 


The  following  Syllabus  has  been  prepared  in  order  to  afford  candidates 
some  guide  to  their  reading ;  but  it  must  be  understood  that  the  ques- 
tions in  the  examination  need  not  necessarilj  be  on  the  specific  points 
enumerated. 

The  examination  is  bv  paper,  but  oral  examination  may  be  resorted  to. 
The  examination  in  eacn  subject  is  distinct.  Mention  is  made  of  text- 
books solely  to  afford  a  candidate  some  assistance  in  selection  and  a 
general  idea  of  the  scope  of  the  examination,  and  not  at  all  to  confine  his 
reading  to  those  works  or  to  assert  that  they  are  the  best  on  the  subjects 
they  treat  of, 

A  Course  of  Lectures  as  detailed  below,  on  "  Preparation  for  obtidninof 
"Science  Certificates  and  the  Method  of  teaching  a  Science  Class,*'  has 
been  delivered  by  direction  of  the  Lords  of  the  Committee  of  Council  on 
Education.  The  lectiures  may  be  purchased,  price  2d.  each,  at  the  book 
stall.  South  Kensington  Museum,  or  on  application  by  letter,  enclosing 
postage  stamps,  to  the  Secretary,  Department  of  Science  and  Art,  South 
Kensington,  London,  W. 

Geometrical  Drawing,  &c.  Prof.  T.  Bradley. 

Mechanical  Physics         -  Rev.  B.  M.  Cowie,  M.A. 

Chemistry      -        -        -^  Prof.  Hofinann,  F.R.S. 

Geology  ...  Prof.  Ramsay,  F.R.S. 

Mineralogy,  &c.      -        -  Prof.W.  W.  Smyth,  M.A.,F.R.S. 

Zoology        -         -         -  Prof.  Huxley,  F.R.S. 

Botany         -         -        -  Edwin  Lankester,  M.D.,  F.R.S. 

Navigation  and  Nautical  J.  Riddle,  F.R.A.S. 
Astronomy. 

Physical  Geography        - .  Dr.  G.  Kinkel,  F.R.G.S. 

A  Second  Course  has  been  delivered,  of  which  the  following  have 
been  published : — 

Lecture  L  -  Vegetable   Physio-  Edwin  Lankester,  M.D.i   3rd  Februaiy. 

logy  and  Econo-      F.R.S. 

mic  Botanv. 
Lecture  H.    Mechanical  Physics  Rev.  B.  M.  Cowie,  B.D.  10th  February. 
Lecture  IV.  Mining         -        -  W.  W.   Smyth,  M.A.,  24th  February. 

F.R.S. 
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SYLLABUS. 


A  teacher  will  not  receive  any  payments  for  Subjects  II.  or  III.  until 
he  is  quaUfied  in  I. 

Subject  Z.— Practical  Plane,  and  Solid  Geometry. 

Practical  Geometry,  plane  and  solid ;  required  by  architects,  engineers, 
mechanists,  shipbuilders,  and  others  employed  in  arts  of  construc- 
tion. 

The  candidate  is  assumed  to  have  acquired  readiness  in  the  use 
of  the  usual  drawing  instruments  and  materials,  to  be  skilful  in  drawing 
lines  and  circles  in  Indian  ink,  plain  or  dotted,  of  different  degrees  of 
fineness ;  drawing  parallel  e^ui-distant  lines,  at  least  six  inches  long, 
and  from  five  to  twenty  or  thirty  in  an  inch ;  drawing  from  ten  to  thirty 
lines,  passing  through  one  point  and  forming  equal  angles ;  dividing  by 
trial  lines  and  arcs  into  any  number  of  equal  parts.  lie  should  aJ.^o  be 
able  to  mend  his  drawing  pens  and  other  instruments,  and  to  verify  his 
rulers,  &c.  Two  or  three  questions  in  the  first  or  easy  paper  are  in- 
tended to  test  his  skill  in  these  respects. 

Constructions  in  Plane  Geometry, 

1.  To  draw  lines  through    given    points,    in    every  position,    either 

parallel,  perpendicular  to,  or  to  form  any  proposed  oblique  angle, 
with  given  hues. 

The  use  and  construction  of  the  protractor,  and  of  the  "  scale  of  chords  ** 
for  these  purposes,  should  be  understood,  and  the  deduction  of  certain 
angles  from  the  direct  division  of  the  circle. 

2.  To  draw  circles  or  axes,  through  given  points,  to  touch  given  lines  or 

circles,  and,  conversely,  lines  to  touch  circles. 

Required  in  drawing  framework  for  machinery,  architectural  designs, 
ornamentation,  &c. 

3.  llie  principles  of  drawing  symmetrical  forms  by  means  of  co-ordinates 

to  the  axis  of  symmetry. 

This  is  the  basis  of  all  drawing,  of  objects  of  construction,  which  arc 
always  symmetrical,  not  only  in  architecture,  civil  and  naval,  but  in 
machinery  and  engineering  works  of  all  kinds. 

4.  Constructions  of  figures  similar  to  given  rectilinear  or  mixtilineap 

figures. 

Here  the  construction  and  use  of  *' scales"  plain  and  comparative, 
should  be  thoroughly  understood  and  explained,  and  the  principles  of 
the  diagonal  division  of  scales.  Also  the  mode  of  reducing  or  enlarging 
drawings  by  means  of  similar  rectangles,  termed  squaring  a  drawing. 
The' use  of  the  sector  and  of  proportional  compasses  in  facilitating 
copying  should  be  known. 

5.  To  construct  rectilinear  figures  similar  to  given  ones,  but  with  a  pro- 

posed area. 

6.  To  determine  by  construction  numerical  quantities  such  as  >•  m ; 

'Z^;  V  a«+b»,  &c. 
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7.  To  construct  a  triangle^  any  three  parts  being  given. 

§  1.  Used  in  levelling,  surveying,  and  the  determination  of  heights  and 
distances.  Great  accuracy,  neatness,  and  distinctness  of  construction, 
will  be  insisted  on :  Geometrical  drawing  is  valueless  unless  it  possesses 
these  requisites. 

§  2.  A  few  illustrations  of  constructions  on  the  ground,  by  means  of 
a  ** chain,"  pins  and  cords,  necessary  in  surveying,  and  "setting  out" 
buildings  and  earthworks,  may  be  added  to  the  course,  as  well  as 
the  solution  of  a  few  elementary  problems  by  means  of  the  compasses 
alone. 

8.  The  delineation  of  a  few  of  the  curve  lines  required  in  the  arts,  such 

as  the  ellipse,  cycloidal  curves,  the  involute  and  i^nusoid,  with  the 
graphical  method  of  determining  their  tangents  and  normals. 

Required  in  designing  elliptic  arches,  oblique  bridges,  teeth  of  wheals, 
cam>work,  screws,  &c. 

9.  Practice  in  tinting  and  shading  with  Indian  ink^  so  as  to  express 

curved  surfaces  and  shadows. 

Both  papers  contain  questions  from  sections,  1, 2,  4,  5,  but  those  of  the 
second  or  more  difficult  paper  are  chiefly  from  sections  4,  5, 7,  and  8, 
and  only  rarely  from  3,  6,  7,  and  9. 

For  the  preceding  part  of  the  course,  a  fair  knowledge  of  the  first  four 
books  of  Euclid  is  necessary,  some  acquaintance  with  elementary 
trigonometry  is  also  desirable. 


Constructions  in  Solid  Geometry, 

(Descriptive  Geometry,) 

A  general  knowledge  of  the  principles  of  projection  on  two  (co-ordinate) 
planes,  as  necessary  to  define  or  represent  any  geometrical  solid,  is 
necessary  to  gain  any  certificate  in  this  subject.  These  projections 
are  termed  plans,  elevations,  profiles,  or  sections. 

The  questions  in  the  first  or  easy  paper  demand  only  this  elementaiy 
knowledge,  the  candidate  being  required  to  represent  by  their  pro- 
jections simple  solids,  such  as  prisms  and  pyramids,  or  others 
formed  by  their  combinations. 

But  to  obtain  a  second  or  first  class  the  candidate  must  be  acquainted 
with  the  methods  of  solving  problems  on  the  combinations  of 
points,  lines,  and  especially  planes,  independent  of  any  solid  form 
or  volume  of  which  they  are  the  elements. 

He  should  also  know  something  of  the  geometry  of  curved  surfaces,  as 
the  sphere,  cylinder,  and  cone,  and  of  the  mode  of  representing  all 
surfaces  graphically  by  the  projections  of  their  generators.  For  the 
following  subjects  ne  must  know  how  to  determine  planes  to  touch 
or  tangential  to  such  surfaces ;  but  candidates  are  not  expected  to 
be  more  than  generally  accjuainted  with  these  subjects.  Occa- 
sionally, however,  easy  questions  in  the  following  are  inserted  in 
the  second  paper. 

Applications  to  the  intersections  of  surfaces,  and  of  the  development 
of  such  as  admit  of  it. 

This  may  be  considered  the  most  important  part  of  descriptive  geome- 
try to  the  artizan,  as  it  is  required  inall  arts  of  construction.  The  mason, 
carpenter,  and  shipwright,  workers  in  tin-plate,  boiler  makers.  &c.must 
all  possess  some  knowledge  of  it  -  -»       > 
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The  solution  bjr  constraotion  of  the  spherical  triangle  from  any  three 
given  parts,  is  mentioned. 

As  important  to  masters,  mates,  and  others  engaged  in  any  kind  of 
astronomical  calculations. 

Isometric  Projection 

Is  usefully  employed  in  the  representation  of  works,  chiefly  of  a  rectan- 
gular form,  such  as  timber  framing,  canal-locks,  and  many  parts  of 
machinery ;  its  use  is  increasing :  it  is  readily  understood,  and  can 
be  practised  by  anyone  who  has  gone  through  the  previous  articles 
of  this  section. 

,   Perspective  or  Radial  Projection 

May  be  taken  up,  but  will  not  be  insisted  on  as  it  is  rarely  used  except 
by  architects  to  represent  buildings  (not  yet  executed),  as  they  would 
appear  to  the  eye  at  any  spot  from  which  they  could  be  viewed,  and 
the  power  of  applying  it  for  this  purpose  is  possessed  by  many  who 
know  little  of  the  refldly  easier  subject  of  descriptive  geometry ;  but 
as  its  application  by  the  architect  must  be  subordinated  to  artistic 
taste,  this  consideration  excludes  it,  in  some  measure,  from  a  purely 
geometrical  course. 

No  one,  however,  can  be  considered  a  scientific  draughtsman  unless  he 
can  apply  perspective  projection  to  the  projection  of  shadows,  the 
projections  of  the  sphere,  the  constructions  of  maps  and  dials,  and 
some  other  uses. 

For  the  second  division  of  this  course,  in  addition  to  what  was  before 
indicated,  a  competent  knowledge  of  the  theorems  relating  to  the 
line  ai)d  plane  (Euclid,  Book  XI.)  is  essential. 

The  following  are  some  of  the  best  works  on  the  subject  of  Practical 
Geomet^,  but  the  list  is  not  given  as  a  complete  one  : — 

For  Theoretical  Geometry. — 1.  Geometry,  Plane,  Solid,  and  Spherical,  8fc, 
(Library  of  Useful  Knowledge),  published  originally  by  Baldwin  and 
Cradock,  undoubtedly  the  best  work  on  the  subject. — 2,  Geometry, 
Sfc.y  by  Mr.  Bell,  in  Chambers's  Educational  Course,  both  compre- 
hensive and  excellent. — 3.  There  are  excellent  elementary  works 
based  on  Euclid  in  Gleig's  School  Series,  and  in  that  published  by 
Messrs.  Galbraith  and  Haughton  in  Ireland,  also  in  Weale's  Series, 
&c.  &c. 

For  Practical  Geometry. — Bradley's  Geometrical  Drawing,  published  for 
the  Committee  of  Council  on  Education  by  Messrs  Chapman  and 
Hall.  —  Bradley's  Practical  Geometry,  Perspective  and  Projection 
(Library  of  Useftil  Knowledge).  —  Hall's  Elements  of  Descriptive 
Geometry  for  Students  in  Engineering. — HeBther*  a  Descriptive  Geometry 
for  Students  in  Engineering  in  Weale's  Series. — Also  works  by  Winter, 
Burchett,  and  Binns. 

French  works  on  this  subject  are  numerous  and  excellent,  by  Lacroix, 
Lefebre  de  Fourcy,  Leroy,  Le  Vallee,  Adhemar,  Bardin,  &c.  &c. 

Subject  ZZ. — Machine  GonBtrnction  and  Drawing^ 

The  application  of  the  foregoing  Subject  I.  to  the  drawing  of  ma- 
chinery, in  which  great  accuracy  apd  neatness  of  drawing  will  be 
insisted  on. 

c  2 
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The  candidate  will  be  required  to  take  measurements  with  calipers,  &c., 
and  to  make  drawings,  elevations,  and  sections  of  a  simple  machine, 
or  of  parts  of  one,  set  before  him.  Also  to  draw  a  portion  of  a 
machine  from  written  dimensions  and  description.  He  will  be 
required  to  have  sufficient  knowledge  of  the  principles  of  machinery, 
gearing,  &c.,  to  be  able  to  make  working  drawings  of  a  machine  or 
portions  of  a  machine  from  a  rough  sketch,  applying  the  power  to 
the  greatest  advantage,  and  obtaining  such  power  or  changes  of 
motion  as  are  required.  In  fine,  such  knowledge  and  readiness  as 
would  be  required  of  a  good  draughtsman  in  an  engineer's  office. 

Subject  ZZZ.— Building^  GonBtraction,  or  Naval  Architecture 
and  Drawing- 

{See  previous  Subject,) 

llie  candidate  will  be  required  to  possess  sufficient  knowledge  of  con- 
struction— (1)  to  apply  the  various  materials  used  in  building  to  their 
greatest  advantage ;  (2)  to  be  able  to  make  detail  and  working  drawings 
showing  a  knowledge  of  the  methods  of  construction  and  the  framing 
of  ordinary  roofs,  bridges,  &c.,  whether  of  wood,  iron,  or  masonry ; 
(3)  to  frame  estimates  and  take  out  quantities. 
Neatness,  accuracy,  and  facility  in  drawing  will  be  insisted  on,  and 
the  general  requirements  in  this  Subject  will  be  such  as  would  be 
possessed  by  a  good  draughtsman  in  an  architect  or  builder's  office, 
with  a  sUght  scientific  knowledge  for  the  proper  application  of  the 
materials  he  is  required  to  work  with. 

N.B. — Naval  Architecture  maybe  taken  instead  of  Building  Construc- 
tion ;  the  same  description  of  attainments  will  be  required. 

Subject  ZV.— Elementary  Mathematics. 

1.  Jrithmetic  generally, 

2.  Geometry, — The  properties  of  lines,  triangles,  rectilinear  figuies,  the 

circle;  properties  of  similar  figures ;  proportion  of  figures ;  inscribed 
and  circumscribed  polygons.  The  questions  will  have  reference  to 
Euclid's  elements ;  but  a  sound  knowledge  of  Geometry  obtained 
from  any  source  will  be  accepted. 

3.  Algebra. — Definitions.      Addition.       Subtraction.      Multiplication. 

Division.  Greatest  common  measure.  .  Least  common  multiple. 
Theory  of  indices  (integral).  Involution.  Evolution.  Simple 
equations,  and  problems  producing  them.  Fractions.  Quadratic 
equations,  and  problems  producing  them.  Ratio.  Proportion. 
Variation.  Arithmetical,  geometrical,  and  harmonicid  Progressions, 
Permutations,  and  Combinations.  Binomial  theorem  for  a  positive 
integral  index. 

4.  Plane  Trigonometry, — Definitions.  Conversion  of  degrees  and  theirsub- 

divisions  into  grades,  and  their  subdivisions,  and  vice  versd.  Angular 
and  circular  measures  of  degrees  and  their  relation .  The  goniometric 
functions  of  angles  and  the  conversion  of  one  into  another.  Tlie 
arithmetical  values  of  the  goniometric  functions  of  90°,  45°,  60°,  30°, 
180°,  120°,  150°,  &c.  The  meaning  of  contrariety  of  signs  in  trigo- 
nometry. Tracing  of  the  goniometric  functions  in  magnitude  and 
algebraic  sign  through  the  four  quadrants  and  when  an  angle  is 
indefinitely  increasedf. 
Formulae  for  multiplication  and  division  of  angles,  viz.,  sine,  cosine, 

tangent,  &c.,  of  {A  ±B),  2A,3A,^,  and  y.   Also  of  A  and  B  in. 


A+B      , A-B 

terms  of  — « —  ^^^  — o — ' 


Digitized 


byGoogk 


37 

Logarithms. — Definition.  Multiplication,  Division,  Involution  and  Evo- 
lution by  logs.  The  use  or  logarithmic  tables.  Tables  of  propor- 
tional parts  for  numbers  and  angles.  Modulus.  Construction 
of  logarithmic  tables,  and  of  tables  of  logarithmic  sines,  cosines,  &c. 

Triangles. — Formulae  for  cosine  of  an  angle  of  a  triangle  in  terms  of  its 
sides.  ITie  relation  between  sines  of  angles  and  the  opposite  sides ; 
sine,  cosine,  tangent,  &c.,  of  half  an  angle  of  a  triangle  in  terms  of 
sides,  and  of  the  sine  of  an  angle.  Area  of  a  triangle.  Solution  of 
triangles.  Diameters  of  circles  inscribed  in  and  circumscribed  about 
a  given  triangle.  Areas  of  regular  polygons  inscribed  in  and  cir- 
cumscribed about  a  given  circle.  Area  of  a  circle.  Description  and 
use  of  vernier  and  theodolite  and  sextant  (generally).  Heights  and 
distances  of  inaccessible  objects. 

.  For  students  to  obtain  a  6th  class,  a  competent  knowledge  of  the 
following  alone  will  be  required : — 

(1.)  Geometry.    The  first  book  of  Euclid. 

(2.)  Algebra,  to  simple  equations  and  problems  (inclusive). 

(3.)  Pkne  trigonometry.  The  more  elementary  portions,  including 
use  of  logarithms. 

To  obtain  a  4th  class : — 

(1.)  Geometry.    The  first  three  books  of  Euclid. 

(2.)  Algebra,  to  quadratic  equations. 

(3.)  Plane  trigonometry  as  for  as  solution  of  triangles,  inclusive. 

And  for  third,  second,  and  first  class  Queen's  prizes  the  remaining 
portion  of  the  above  subjects. 

Subject  V.^Higher  Mathematics. 

1 .  Algebra. — Surds.    Theory  of  indices  (fractional  and  negative).     Bi- 

nomial theorem  generally.  Multinomial  theorem.  Exponential 
theorem.  Indeterminate  equations  and  problems.  Indeterminate 
coefficients.    Reversion  of  series.    Properties  of  numbers. 

2.  Plane  Trigonometry. — De  Moivre's  theorem  and  the  expansion  of 

sine,  cosine,  and  tangent  in  terms  of  the  angle. 

Spherical    Trigonometry. — Definitions    and    fundamental   propositions. 

Polar  or  supplemental  triangle  and  its  properties.  Area  of  a  spherical 

triangle.     Spherical  excess. 
Fundamental  formulae  expressing  the  relations  of  the  sides  and  angles 

of  a  spherical  triangle. 
Napier's  analogies. 
Solution  of  right-angled  spherical  triangles  and  of  oblique  angled 

triangles. 

Mensuration. — ^Trapeziums.  Regular  plane  rectilinear  figures.  Irregular 
plane  curvilinear  figures  (Simpson's  or  Stirling's  Rules).  Volumes 
and  surfaces  of  Parallelopipeds,  Pyramids,  Qrhnders,  Cones,  and 
Spheres. 

Differential  and  Integral  Calculus. — Definitions.  Differential  of  ele- 
mentary functions,  including  circular  and  logarithmic  functions. 
Vanishing  fractions.  Maxima  and  minima  of  one  independent 
variable.  Tangents  and  normals  of  curves.  Differential  coefficients 
of  Areas,  Arcs,  Volumes  and  surfaces  of  solids  of  revolution. 
Integration  of  elementary  functions.  Integration  by  parts.  Rational 
fractions.  Integration  between  limits.  Areas  and  lengths  of 
simple  curves.    Volumes  and  surfaces  of  solids  of  revolution. 
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Bul^ect  VZ.-^Meehaidcs  m  a  Seience,  or  Theoretical 
Mechanics. 

Statics.  Composition  and  resolution  of  forces.  Forces  adang  on  a 
point—on  a  rigid  body.  Parallel  forces.  Centre  of  gravity.  Theory 
of  moments  or  couples.  Principle  of  virtual  velocities.  The  mecha* 
nical  powers.    Friction.    Equihbrium  of  roofis  and  arches. 

Dynamics.  Laws  of  motion.  Uniformly  accelerated  motion.  Motion 
by  gravity  Variable  forces.  Projectiles.  Centrifugal  force.  Motion 
on  inclined  planes — on  curves.  Pendulums.  Motion  of  rigid  bodies, 
free  or  constrained.  Moment  of  Inertia.  Centre  of  oscillation — of 
percussion.    Motion  of  flexible  bodies,  such  as  a  musical  string. 

Hydrostatics,  Hydrodvnamics,  and  Pneumatics.  Mechanical  properties 
of  hquids.  Law  of  pressure.  Centre  of  pressure.  Laws  of  floating 
bodies.  Capillary  attraction.  Laws  of  nuid  motion,  through  open 
channels,  closed  pipes,  or  orifices. 

Mechanical  properties  of  elastic  fluids.  Theory  of  barometers.  Con- 
nexion between  pressure,  temperature,  and  volume.  Specific  heat. 
Weight  of  atmosphere.    Use  of  barometer  in  calculating  heights. 

In  this  subject  tne  candidate  will  have  to  show  a  mathematical 
knowledge  of  the  laws  of  Mechanics,  and  must  be  able  to  prove  from 
first  principles  the  principal  theorems. 

The  books  reconunended  for  study  are — ^Whewell's  Elements  of  Mecha' 
nics,  or  Snowball's;  Moseley's  Engineering  Architectures  'Natural 
Philosophy,  by  Dr.  Golding  Bird  and  Mr.  Brooke ;  Goodwin's 
Elementary  Course. 

Subject  VIZ.— Mechanics  as  an  Art,  or  AppUed  Mechanics. 

General  principles  of  mechanism.  Elementary  combinations.  When  the 
connexion  is  by  roUing  contact,  sHding  contact,  wrapping  connectors 
or  linkwork,  with  constant  or  varying  velocity  ratio,  and  constant  or 
varying  directional  relation. 

Machines  of  ordinary  occurrence  must  be  thoroughly  understood  and 

§  articular  parts  to  be  described  and  drawn :  such  as  cranes ;  lathes ; 
rills:  planing,  punching,  boring,  shaping,  and  slotting  machines. 
Spinning  and  weaving  machinery.  Mode  of  calculating  power  of 
machinery.    Dynamometers,  indicators,  &c. 

Materials.  The  general  properties  of  materials.  Elasticity.  Weight. 
Specific  weight.  Mechamcal  work.  Work  done  by  pressure,  by 
impact,  by  expansion  of  elastic  gases  and  steam,  by  animal  muscular 
efiBort. 

Resistance  to  expansion,  to  compression,  to  rupture.  Friction  of 
soHds.  Its  importance  in  construction.  Resistance  of  fluids  to 
bodies  moving  within  them.  Adaptation  .  of  form  and  material  for 
maximum  resistance.  Beams  of  greatest  strength.  Construction  of 
roofs,  arches,  stone  and  timber  bridges,  suspension  bridges,  and 
tubuhtr  girders. 

Hydrostatics,  Hydrodynamics,  and  Pneumatics.  Pressure  on  flood- 
gates ;  locks  ;  water-wheels ;  turbines ;  water-pressure  engines ; 
breakwaters.  Hvdrometers.  The  syphon.  Hydraulic  ram.  Pumps. 
Diving  bell.  Condenser.  Windmills.  Steam-engines,  stationary, 
marine,  locomotive.  The  steam  hanuner.  Water  supply  to  towns. 
Theory  of  tides,  in  the  open  sea,  and  in  rivers. 

In  this  subject  the  canaidate  will  be  expected  to  show  how  the 
principles  are  applied  in  actual  practice :  he  will  be  expected  to  show 
by  clear  well-drawn  sketches,  his  acquaintance  with  parts  of  machines. 

The  candidate  will  have  tools  and  models  put  before  him,  with  some  of 
which  he  must  show  he  is  familiar,  ana  thj^t  he  can  explain  their  us^ 
and  construction. 
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Books  recommended  I— JViUia's  Mechani&n;  Baker's  Elements  of  Me- 
.  chanismj  the  books  in  Weale's  Series  which  treat  on  the  subjects 

specified.    Twisden's   Practical  Mechanics;   Goodeve's  Elements  of 

Mechanism. 

Subject  VIZZ.--AcoiiBtic8,  Iiifpht,  and  Heat. 

Acoustics, 

The  candidate  ought  to  know  the  manner  in  which  sound  originates, 
and  is  propagated ;  its  velocity  in  difperent  media,  and  how  its  velocity 
through  air  is  afifected  by  density  and  temperature. 

He  ought  to  know  the  origin  of  musical  sounds ;  of  pitch ;  of  harmony 
and  discord ;  to  commit  to  memory  the  rates  of  vibration  of  the 
several  notes  of  the  gamut ;  to  be  able  to  make  sonorous  vibrations^ 
visible  by  means  of  glass  plates  and  membranes;  to  calculate  tue 
length  of  sonorous  waves,  and  to  determine  practically  the  number  of 
vibrations  due  to  any  particular  note.  He  ought  therefore  to  under- 
stand the  construction  and  use  of  the  Syren. 

He  ought  to  be  able  to  describe  and  illustrate  the  condition  of  a  vibrating 
string,  or  column  of  air  at  its  nodal  points  and  ventral  segments  and 
to  explain  echos  and  resonance. 

Light. 

The  candidate  ought  to  know  how  its  velocity  was  first  determined  firom 
observations  upon  Jupiter's  satellites. 

He  ought  to  be  able  to  devise  a  simple  means  of  exhibiting  both  the 
reflection  and  refraction  of  light;  to  be  able  to  state  the  laws  of  both ; 
to  explain  what  is  meant  by  total  reflection ;  and  to  apply  it  to  the 
explanation  of  the  Mirage  of  the  Desert,  the  Phantom  Ship,  and  other 
similar  phenomena. 

He  ought  to  be  able  to  explain  why  the  image  in  a  plane  mirror  must 
appear  as  far  behind  the  mirror  as  the  object  is  in  front  of  it ;  why  a 
stick  appears  bent  when  dipped  obliquely  into  water ;  and  why  the 
bottom  of  a  river  or  lake,  or  of  a  basin  which  holds  water,  appears  to 
be  nearer  to  the  surface  than  it  really  is. 

He  ought  to  be  able  to  determine  the  positions  of  the  foci  of  spherical 
mirrors,  both  concave  and  convex ;  to  describe  the  characters  of  their 
images,  whether  erect  or  inverted ;  magnified  or  reduced ;  and  to  do 
the  same  for  convergent  and  divergent  lenses. 

He  ought  to  know  the  construction  of  the  human  eye ;  the  conditions  of 
distinct  vision,  the  use  of  spectacles;  and  to  be  able  to  describe  a 
simple  form  of  the  reflecting  and  refracting  telescope  and  of  the 
microscope. 

He  ought  to  know  the  constitution  of  light ;  to  be  able  to  describe  the 
spectrum  produced  by  refraction  with  a  prism ;  to  explain  the  origin 
of  colours,  and  to  give  a  clear  explanation  of  the  rainbow. 

Heat. 

The  candidate  ought  to  be  able  to  describe  the  construction  and  gra- 
duation of  an  ordinary  mercurial  thermometer;  to  understand  the 
scales  of  Fahrenheit,  Celsius,  and  Reaumur. 

He  ought  to  have  clear  ideas  of  conduction  and  radiation ;  to  be  able  to 
devise  some  simple  means  whereby  the  conductive  and  radiative  powers 
of  different  bodies  may  be  determined ;  to  explain  fully  the  formation 
of  dew,  and  to  state  the  conditions  favourable  to  its  production. 

He  ought  to  know  the  effect  of  heat  upon  the  volumes  of  bodies ;  to 
know  what  is  meant  by  the  coefficient  of  expansion,  and  how  it  may 
^9  determined ;  to  give  illustrations  of  the  enormous  power  of  heat  in 
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producing  expansion;  to  state  exceptional  cases;  to  know  the  manner 
m  which  heat  is  propagated  through  liquids  and  gases,  as  distin- 
guished from  ordinary  conduction ;  and  to  be  able  to  combine  two 
metals  possessing  di£Perent  coefficients  of  expansion,  so  as  to  form  a 
compensating  pendulum. 

He  ought  to  know  the  meaning  of  latent  heat  and  of  specific  heat,  and 
to  illustrate  both  by  reference  to  ice,  water,  and  steam ;  he  ought  to 
be  able  to  show  the  influence  of  the  high  specific  heat  of  water  upon 
an  island  climate. 

He  ought  to  know  the  strict  physical  meaning  of  ebullition ;  and  the 
influence  of  pressure  upon  the  boiling  points  of  liquids ;  he  ought  to 
have  a  general  knowleage  of  the  origm  of  winds  and  clouds,  and  to  be 
able  to  explain  the  fact  that  the  rain-fall  upon  the  south-west  side  of  a 
mountain  chain  in  England  and  Ireland  is  much  more  copious  than 
on  the  north-east  side. 

Text  Books : — See  next  subject. 

Subject  ZX  — Magpietism  and  Blectiicitj. 
Magnetism. 

The  candidate  ought  to  know  the  action  of  one  loadstone  upon  another 
which  is  freely  suspended,  or  set  afloat  upon  a  hquid ;  he  must  have  a 
perfectly  clear  notion  of  magnetic  polarity,  and  of  the  action  of  mag- 
netic poles  upon  each  other. 

He  must  know  the  difTerence  between  the  action  of  magnetised  and 
unmagnetised  steel  upon  a  magnetic  needle  ;  also  the  difference 
between  soffc  iron  and  hard  steel,  with  regard  to  their  acceptance  and 
retention  of  the  magnetic  condition ;  (coercive  force). 

He  must  be  able  clearly  to  state  the  condition  of  a  mass  of  soft  iron 
when  under  the  influence  of  a  magnet,  and  in  virtue  of  which  condi- 
tion the  iron  is  attracted ;  (magnetic  induction). 

He  must  be  able  to  describe  the  action  of  the  earth  upon  a  magnetic 
needle;  must  know  the  meaning  of  declination,  inclination  or  dip, 
and  of  secular  and  diurnal  variation ;  the  action  of  the  earth  upon  a 
bar  of  soffc  iron  according  as  it  is  held  in  the  direction  of  the  dip  or  at 
right  angles  to  this  direction ;  finally,  the  effect  of  percussion  m  ren- 
dering the  condition  assumed  by  the  bar  of  soft  iron  a  permanent  one. 

He  ought  to  be  able  to  compare  accurately  the  strength  of  one  magnet 
with  that  of  another,  and  to  state  how  the  relative  intensity  of  the 
earth's  magnetism  at  two  points  of  its  surface  may  be  ascertained. 

Frictional  Electricity. 

The  candidate  ought  to  know  various  simple  ways  of  exciting  electricity 
to  be  clearly  informed  as  to  the  duplex  character  of  the  force ;  to 
know  the  condition  of  the  rubber  as  well  as  that  of  the  body  rubbed ; 
and  to  be  conversant  with  various  forms  of  electroscopes  and 
electrometers. 

He  ought  to  know  the  foundation  of  the  terms  vitreous  and  resinous^ 
positive  and  negative ;  to  be  able  to  illustrate  the  action  of  two  elec- 
trified bodies  upon  each  other ;  and  to  tell  at  once  whether  a  body  is 
positively  or  negatively  charged. 

He  ou^ht  to  have  a  clear  knowledge  of  electric  conduction,  insulation, 
and  mduction ;  and  be  able  to  explain  the  state  of  a  neutnil  conductor 
when  acted  upon  by  an  electrified  body ;  he  ought  to  be  able  to  prove, 
experimentally,  that  though  we  cannot  by  breaking  a  magnet  obtain 
two  halves  each  with  a  single  pole,  we  can  by  breaking  an  electrified 
body  obtain  two  halves  each  charged  with  a  smgle  dectricity* 
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He  ought  to  be  able  to  explain  the  influence  of  points  and  flames  when 
attached  to  an  electrified  conductor;  and  to  describe  the  action  of 
lightning  conductors. 

He  ought  to  be  able  to  describe  the  electric  machine,  and  the  elec- 
trophoras  ;  and  to  explain  the  action  of  the  condenser  and  of  the 
Leyden  jar. 

He  ought  to  be  able  to  state  the  principal  effects  of  the  electric  dis- 
charge; to  state  the  atmospheric  conditions  necessary  to  the  produc- 
tion of  a  thunderstorm ;  and  to  give  a  clear  account  of  the  so-called 
return  stroke. 

Voltaic  Electricity. 

The  candidate  ought  to  be  able  to  state  precisely  how  voltaic  electricity 
may  be  generated ;  to  describe  Volta's  pile,  and  his  crown  of  cups ; 
ana  also  the  batteries  of  Daniell,  Grove,  and  Bunsen. 

He  must  have  a  clear  conception  of  what  is  meant  by  the  direction  of  an 
electric  cmrent ;  and  be  able  to  illustrate  in  the  fullest  manner  the 
action  of  a  current  upon  a  freely  suspended  magnetic  needle.  Given 
the  direction  of  the  current,  he  must  be  able  to  state  how  the  needle 
moves ;  given  the  movement  of  the  needle,  he  must  be  able  to  infer 
from  it  the  direction  of  the  current. 

He  must  be  able  to  describe  fully  the  action  of  a  current  upon  soft  iron ; 
and  to  infer  from  the  direction  of  the  current  the  nature  and  position 
of  the  magnetic  poles,  which  it  excites. 

He  must  be  well  acquainted  with  the  chemical  reactions  which  take  place 
both  in  the  batteries,  mentioned  above,  and  also  in  other  liquids 
through  which  the  current  may  be  sent. 

He  must  be  able  to  measure  the  strength  of  an  electric  current,  and  he  is 
strongly  recommended  to  master  thoroughly  the  law  of  Ohm,  regard- 
ing the  mutual  relations  of  electromotive  force,  resistance,  and  strength 
of  cmrent. 

He  ought  to  be  acquainted  with  the  so-called  polarisation  of  metallic 
plates  between  which  a  current  passes  through  a  liquid,  and  to  show 
how  this  is  avoided  in  Grove's  battery. 

He  ought  to  be  able  to  give  a  clear  description  of  some  one  form  of  the 
electric  telegraph. 

He  ought  to  be  acquainted  with  the  physiological  effects,  and  with  those 
of  light  and  heat  produced  by  the  voltaic  current ;  and  to  show  the 
dependence  of  the  heat  on  the  strength  of  the  current,  and  on  the 
resistance  which  it  encounters. 

It  would  also  be  well  to  master  as  much  of  the  phenomena  of  induced 
ciurents  as  would  enable  the  candidate  to  explain  the  action  of  the 
galvanizing  apparatus  used  by  medical  men. 

Note. — ^The  candidate  Tvill  perceive  that  this  list  is  long  because  the 
objects  to  which  he  is  to  devote  his  attention  are  separately  specified. 
Definition  is  thus  given  to  his  studies  and  their  precise  scope  marked 
out  for  him.  He  is  recommended  to  repeat  with  his  own  hands,  as  far 
as  it  is  in  his  power  to  do  so,  the  experiments  which  he  finds  described 
in  good  handbooks  of  Natural  Philosophy ;  this  will  ^ive  a  certainty  to 
his  knowledge  and  an  interest  to  his  pursuits  which  mere  reading 
can  never  confer.  The  first  requisite  demanded  of  him  on  his 
examination  will  be  that,  however  small  his  knowledge,  it  shall  be  well 
digested  and  sound. 

Text-Books : — Lardner's  Handbook  of  Natural  Philosophy  j  Natural 
Philosophy y  by  Dr.  Golding  Bird  and  Mr.  Brooke. 
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The  general  principles  of  chemical  philosophy.  Laws  of  oombinatiou. 
Volume  weights.  Combining  weights.  Atoms  and  molecules. 
Chemical  symbols  and  their  use  in  the  explanation  of  chemical 
changes.    Quantivalence. 

The  non-metallic  elements : 

Hydrogen,  Water.  Chemical  composition  and  properties.  Adaptation 
for  domestic  purposes.     Hardness^  permanent  and  temporary* 

Oxygen,     Combustion. 

Sulphur,  Sulphuretted  hydrogen.  Sulphurous  acid,  sulphuric  acid, 
hvposulphurous  acid,  hyposulphunc  acid.  ManufiBicture  of  oil  of 
yilriol.    Bisulphide  of  carbon. 

Chlorine,  Hydrochloric  acid.  Hypochlorous  acid.  Bleaching  agents 
and  theory  of  bleaching.  Chlonc  acid  and  perchloric  acid.  Chloride 
of  nitrogen.    Chlorides  of  carbon. 

Bromine.    Hydrobromic  acid  and  bromic  acid. 

Iodine.    Hydriodic  acid.     Iodic  acid,  periodic  acid. 

Fluorine.    Hydrofluoric  add. 

Nitrogen,    Ammonia.    The  oxides  of  nitrogen. 

Phosphorus,  Phosphoretted  hydrogen.  Hypophosphorous  acid,  phos- 
phorous acid.  Tne  several  modifications  of  phosphoric  acid :  ordinary 
phosphoric,  pyrophosphoric,  and  metaphosphoric  acids.  Theory  of 
polybasic  acids.     Chlorides  of  phosphorus.    Manufacture  of  matches. 

Carbon.  Marsh  gas.  Carbonic  oxide.  Carbonic  acid.  Olefiant  gas. 
Manufacture  of  coal  gas.     Nature  of  flame. 

Silicium,    Silicietted  hydrogen  and  silicic  acid.     Hydrofluosilicic  acid. 

Boron  and  boracic  acid. 

The  metals  :  Potassium.  Manufiicture  of  nitre.  Manufacture  of  gun- 
powder. Theory  of  the  action  of  gunpowder.  Sodium,  Manufacture 
of  soda. 

Barium.     Strontium,     Calcium,    Mortars. 

Spectrum  analysis ;  its  principles  and  applications. 

Magnesium,  Aluminium.     Manufacture  of  glass  and  porcelain. 

Manganese,  Iron,  Composition  and  properties  of  cast  iron,  wrought 
iron,  and  steel. 

Cobalt,  Nickel,  Chromium,  Zinc,  Cadmium,  Copper,  Lead,  Manu- 
facture of  white  lead. 

Bismuth.  Mercury,  Tin,  Arsenic,  Course  of  analysis  in  cases  of 
poisoning. 

Antimony,  Silver.  Gold,  and  platinum.  Principal  compounds  of  the 
metals  with  the  non-metallic  elements. 

Outline  of  quaUtative  analysis.     Reactions  of  the  principal  mineral 
acids  and  bases.    Course  pursued  in  the  application  of  these  reactions 
to  the  analysis  of  a  nuxture  of  several  acids  and  bases. 
The  following  is  the  list  of  Apparatus  and  Re-agents  with  which 

Candidates  make  their  analysis  at  the  examination : — 


Test  tubes  and  stand. 
Metal  filter  stand. 
Wash  bottle  containing 

distilled  water. 
Spirit  lamp. 
Black  blowpipe. 
Charcoal  for  blowpipe 

experiments. 


Apparatus. 
Iron  spoon. 
Tongs. 

Pestle  and  mortar. 
Porcelain  dishes. 
Watch  glasses. 
Porcelain  crucible. 
Triangles. 
Test  tube  cleaner. 


Platinum  wire  and  foil 
Funnels. 
Cut  filters. 
Sulphuretted  hydrogen 

apparatus. 
Platinum  crucible. 
Herapath's  blowpipe. 
Stirring  rods. 

Digitized  by  VjOOQIC 


43 


Sulphuric  acid. 
Hydrochloric  acid. 
Nitric  acid. 
Hydrosulphuric  acid. 
Potassa. 
Ammonia. 

Ammonium,  chloride. 
Ammonium,  sulphide. 
Ammonium,  carbonate. 
Ammonium,      molyb- 
date. 

Sodium,  carbonate. 
Potassium,  nitrate. 
Potassium,  cyanide. 


Rb-agbnts. 
In  the  liquid  state. 

Ammonium,  oxalate. 

Sodium,  phosphate. 

Barium,  chloride. 

Calcium,  chloride. 

Lime  water. 

Calcium,  sulphate. 

Potassium,  sulphate. 

Magnesium,  sulphate. 

Potassium,  chromate. 

Oxalic  acid. 

Tartaric  acid. 

Jn  the  solid  state. 
I  Borax. 
j  Lime. 
I  Iron,  sulphate. 


Acetic  acid. 
Hydrofluosilicic  acid. 
Lead,  acetate. 
Iron,  sesquichloride. 
Potassium,      ferrocya- 

nide. 
Potassium,        sulpho- 

cyanide. 
Platinum,  chloride. 
Silver,  nitrate. 


Blue   and  red   litmus 
paper. 


Subject  XZ.— Organic  GhemiBtry. 

Definition  of  organic  bodies.  Their  ultimate  analysis.  Calculation  of 
an  empirical  formula.  Methods  of  controlling  an  empirical  formula. 
Determination  of  the  molecular  weights  of  organic  acids  and  bases. 
Determination  of  the  vapour-density  of  volatile  bodies.  Law  of  sub- 
stitution.    Synthesis  of  organic  compounds. 

The  chemical  history  of  the  Cyanogen  group.  Cyanogen.  Hydrocyanic 
acid.  Cyanic  acid  and  urea.  Fulminates.  Cyanuric  acid.  Sulpho- 
cyanic  acid.    Chlorides  of  cyanogen. 

Amylaceous  and  saccharine  substances.  Fermentation.  Alcohol,  and 
its  homologues.  Ethers,  simple  and  mixed.  Oxidation  of  alcohol. 
Aldehyde  and  acetic  acid,  and  their  homologues.  Chloride  of  acetyl. 
Anhydrides,  simple  and  mixed.  Compound  ethers.  Diatomic  alcohols 
and  their  acids.  Glycol  and  oxalic  add.  Triatomic  alcohols.  Glycerine. 
Fatty  and  oily  bodies. 

Tartaric  and  citric  acids.    Tannic  acid. 

Aromatic  bodies.  Benzoic  alcohol,  aldehyde,  and  acid;  their  deri- 
vatives, their  homologues.  Salicylous  and  salicyUc  acid.  Gallic  and 
dnnamio  acid.    Hippuric  acid. 

Ammonia  and  its  derivatives.  Amides  and  amines  :  their  classification. 
Examples  of  natural  alkaloids. 

Principal  colouring  matters.  Indigo  and  its  derivatives.  Examples  of  pro- 
ducts formed  by  destructive  distillation.  Coloinrs  derived  from  coal  tar. 

The  chief  constituents  of  the  vegetable  and  animal  organism,  fibrin, 
albumen,  casein,  &c. 

The  chemical  principles  of  agriculture. 

The  chemical  principles  of  the  process  of  nutrition  and  respiration  in 
the  animal  organism. 

Text-books.  —  Graham's  Elements  of  Chemistry,  Miller's  Elements  of 
Chemistry,  Fownes'  Manual  of  Chemistry,  Bloxam's  Chemistry,  Inor- 
ganic and  Organic,  Galloway's  First  and  Second  Steps  in  Chemistry, 
Williamson's  Chemistry  for  Students,  Frankland's  Lecture  Notes, 
Roscoe's  Lessons  in  Elementary  Chemistry, 

Subject  XZZ.'— Oeolog^. 

General  Principles, 

1.  The  division  of  rocks  into  three  great  classes,  aqueous,  igneous,  and 
metamorphic. 

2.  The   mode   of  formation    of  stratified    rocks,  such   as  ordinary 
jnarine  strata  of  shales,  sandstones,  conglomerates  and  limestones 
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— delta  fonnations^i¥eslii7ater  and  terrestrial  beds,  and  the  signs  by 
which  you  can  distinguish  these,  such  as  the  nature  and  mode  of  the 
occurrence  of  the  genera  of  animals  and  plants  that  are  found  in 
them. 
3.  The  theories  of  central  heat,  and  of  the  consolidation  of  the  earth 

from  a  state  of  igneous  fusion. 
.  4.  The  mode  of  occurrence  of  igneous  rocks,  intrusive  bosses,  lavas, 
volcanic  ashes,  and  dykes. 

5.  Volcanoes  and  volcanic  phenomena ;  the  origin  of  volcanoes  and  the 

cause  of  eruptions. 

6.  Elevation  and  depression  of  land;  the  distribution  and  origin  of 
mountain  chains.  Denudation  of  the  earth's  surface,  origin  of 
valleys,  &c. 

7.  The  ordinary  mineral  substances  that  enter  into  the  composition  of 
rocks,  such  as  granites,  diorites,  basalts,  &c.  Gneissic  rocks,  sand- 
stones, slates,  shales,  clays,  &c.  The  origin  of  limestones.  The 
origin  of  mineral  veins  or  lodes. 

8.  Fossilization  of  organic  bodies. 

9.  Table  of  geological  formations,  including  those  larger  divisions 
absent  in  Britain. 

10.  Theory  of  metamorphism  of  rocks.     Origin  of  cleavage. 

11.  Explanation  of  geological  terms. 

12.  Definition  of  zoological  terms  used  in  geology,  such  as  genus, 
species,  bivalve  and  univalve  shells,  cephcdopod,  brachiopod, 
palaeozoic,  &c.  &c. 

13.  The  meaning  of  breaks  in  the  succession  of  life  (changes  of  genera 

and  species)  in  the  different  formations. 

Stratified  Formations,  ^c, 

1.  Description  of  the  Cambrian  and  Silurian  strata,  their  physical 
characters,  fossils,  and  any  unconformities  that  exist  in  the  British 
Silurian  strata. 

2.  Description  of  the  Old  red  sandstone  and  Devonian  roc)cs,  characters 
and  fossils.  Slate  and  slate  (quarries,  building-stones,  limestones, 
and  marbles  of  these  and  the  Silurian  formations. 

3.  The  Carboniferous  limestone  and  Coal-measure  series.  Character, 
fossils,  and  mode  of  formation.  Nature  of  the  plants  of  the  Coal- 
measure  epoch.  Their  mode  of  growth.  Origin  of  coal,  its  mode  of 
occurrence,  and  how  the  vegetable  matter  became  changed  into  coal. 
Mode  of  occurrence  of  the  ironstone  of  the  Coal-measures.  Various 
kinds  of  coal,  and  the  relation  of  anthracite  coal  to  disturbance  of 
strata.  Limestone  quarries,  marbles,  and  building-stones.  Clay  pits 
and  potteries  of  the  Carboniferous  strata.    Fire  cfiiy.  Alum  shale,  &c. 

4.  The  Permian  rocks.  Their  stratigraphical  relations  to  the  underlying 
strata,  composition  of  rocks,  fossils,  and  building-stones.  Great 
break  in  the  succession  of  life  between  the  Palaeozoic  and  Mesozoic 
or  secondary  strata. 

5.  The  New  red  sandstone  (or  Trias),  its  subdivisions,  fossils,  building* 

stones,  sand  pits.     Origin  of  rock  salt  and  brine  springs. 

6.  The  Rhetic  beds  and  Lias,  their  subdivisions,  fossils,  building-stones 
and  hydraulic  limestones,  and  clay  pits. 

7.  Oolitic  rocks.  Subdivisions,  leading  marine  and  land  fossils.  Lime- 
stones, clay  pits,  coal,  jet  and  other  economic  products. 

8.  The  Purbeck  and  Wealden  strata.  Origin,  subdivisions,  chief  fossils, 
building-stones,  and  marbles.  Ironstones  and  limestones.  Clays. 
Great  break  in  the  succession  of  marine  fossils  between  the  OoHtic 
and  Cretaceous  strata. 

9.  Cretaceous  rocks.  Subdivisions,  lithological  characters,  fossils, 
building  stones  of  Lower  Greensand.    Gault,  its  phosphatic  nodules 
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and  general  uses.  Upper  greensand,  chalk,  &o«  Building  stones. 
Origin  and  uses  of  cnalk-flints.  Great  break  in  the  Buccession  of 
marine  fossils  between  cretaceous  and  eocene  strata. 

10.  Eocene,  or  older  Tertiary  beds.  Subdivisions,  alternation  of  marine 
and  freshwater  beds,  cnief  fossils,  limestones  and  building  stones, 
clays  for  bricks  and  potteries. 

11.  Miocene  or  middle  tertiary  strata,  marine  and  freshwater,  fossils,  &c, 

12.  Crag.  Its  subdivisions,  chief  fossils.  Origin  of  its  phosphatic 
remains. 

13.  The  glacial  period,  boulderclay,  and  evidence  of  old  glaciers  in  Britain^ 

&c.     River  gravels.  Sec,  of  post-tertiary  age,  and  their  contents. 

14.  Disturbance  and  denudation  of  strata  in  successive  periods,  &c. 

15.  Unconformities,  faults,  and  fractures. 

16.  The  causes  of  gaps  in  the  succession  of  strata,  or  of  breaks  in  the 
succession  of  life  in  time. 

17.  Water-bearing  strata,  and  underground  drainage.  Artesian  and 
other  wells. 

IS.  British  rocks  in  which  ores  of  metal  are  found,  and  the  general  mode 
of  occurrence  of  these  ores  in  beds  of  solid  rock,  in  superficial 
detritus  and  in  lodes. 

19.  The  rules  that  ought  to  guide  the  miner  in  sinking  for  coal  and 
other  minerals,  when  the  beds  in  which  they  lie  are  concealed  by 
over-lying  and  unconformable  strata. 

Text-books. — Lyell's  Principles  of  Geology;  Lyell's  Elements  of  Geology  ; 
Phillips'  Manual  of  Geology;  Jukes'  Manual  of  Geology ;  Juke's 
Geology  for  Schools;  Page's  Introductory  Text-Book;  Page's  Ad^ 
vanced  Text-Book;  Ramsay's  Physical  Geology  and  Geography  of 
Great  Britain;  Woodward's  Recent  and  Fossil  Genera  of  Shells, 

Subject  XZZZ.— Mmeralog^. 

A.  Instruction  in  this  subject  should  commence  with  a  distinct  under* 

standing  of  the  characters  by  which  minerals,  properly  so  called, 
are  to  be  distinguished  from  other  inorganic  substances,  and  of  the 
position  of  this  sdence  in  relation  to  the  collateral  sciences  of 
physics,  chemistry,  and  geology. 

B.  Crystellography,  as  the  essentiid  means  of  appreciating  the  forms 

naturally  assumed  by  almost  all  inorganic  bodies,  must  commence 
with  the  needful  geometrical  definitions,  proceed  to  the  grouping 
of  the  various  crystalhne  forms  into  systems,  consider  the  laws  by 
which  the  derivation  of  one  form  from  another  within  the  limits 
of  the  same  system  is  determined,  and  explain  the  combination  of 
various  simple  forms  in  the  faces  exhibited  by  compound  crystals. 
It  is  also  important  to  study  the  deviations  from  regularity  which 
are  commonly  presented  in  nature,  and  the  methods  of  measuring 
those  elements  which  remain  constant. 
c.  The  various  kinds  of  aggregation  exhibited  by  crystalline  substances 
are  also  to  be  considered,  especially  with  reference  to  masses  of  the 
useful  minerals,  and  of  crystalline  rocks. 

D.  Next  in  order  will  follow  the  other  physical  characters  of  minerals ; 

1st,  in  relation  to  their  substance,  as  cleavage,  fracture,  hardness,  and 
specific  gravity  :  2ndly,  in  relation  to  the  effects  of  light,  as  trans- 
parency, refraction,  lustre,  and  colour ;  3rdly,  as  to  their  electric 
and  magnetic  properties. 

E.  The  chemical  characters  of  minerals,  and  the  most  convenient  modes 

of  testing  them;   1st,   by  aid  of  the  blowpipe;   2ndly,  by  the 
moist  way. 
p.  Pseudomorphism,  or  the  remarkable  phenomena  presented  by  minerals 
which  have  the  composition  of  one  mineral  coupled  with  the  form 
of  another. 
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6«  The  phjrnographr  or  syatematie  descnption  of  minfiniB.  Hub  last 
diviaon  ahould  indnde  all  the  more  lemarkable  Taikties  as  well  as 
species,  and  should  take  espedal  note  of  tiie  modes  and  places  of 
oocuRcnoe,  as  wdl  as  of  the  association  of  particular  groups  of 
minerals  in  certain  veins  or  formations. 

As  text-books  may  be  recommended — 
Professor  Ansted's  Elementary  Course  of  Mineralogy  mid  Geology. 
London.  1856. 

NicoFs  Elements  of  Mineralogy,    Edinburgh,  1858. 

Dana's  Manual  of  Mineralogy,  1851. 

Bristow's  Dictionary  of  Minerals.    Longman  &  Co.  1861. 

For  more  advanced  students — 
Brooke  and  Miller's  Mineralogy.    London,  Longman,  1852. 
On    Crystallography.       Rev.  W.  MitcheU,  in  Orr's  **Cir^  of  the 
Sciences:'    London,  1856. 
Dana's  System  of  Miner aloay.    4th  edition.    Putnam,  1854. 
Naumann's  Mineralogie.    Lmpzig.    Williams  and  Norgate,  London. 
Breithaupfs  Paragenesis  der  MmeraUen.    Freiberg,  1849. 
Haidinger's  Hand&uch  der  Mineralogie.    Vienna,  1845. 

When  it  is  intended  to  teach  this  subject  with  special  reference  to  the 
practical  working  of  minerals,  the  physiographical  part  will  be  occupied 
more  particularly  with  certain  of  the  useM  species  and  thdr  associated 
'substances,  and  the  following  works  may  be  consulted  : — 

W.  J.  Henwood  on  the  Metalliferous  Deposits  of  Cornwall  and  Devon, 
1843. 

Bischof,  Chemical  and  Physical  Geology,  translated  by  the  Cavendish 
Society.    1854. 

Snbject  XIV.— Animal  Fhysiologr. 

'    Candidates  must  be  prepared  to  answer  questions  upon  the  foUowing 
points  in  Human  Anatomy  and  Physiology : — 

The  plan  of  the  human  body  and  the  arrangement  of  its  parts. 

The  meaning  of  the  terms  organ  and  tissue. 

The  general  structure  and  disposition  of  the  principal  organs  and 
tissues. 

The  ultimate  chemical  composition  of  air,  water,  carbonic  acid, 
urea ;  of  protein,  fat,  starch,  and  sugar ;  of  bone*«arth  and  horn. 

The  meaning  of  the  term  function. 

The  general  working  of  the  body  considered  as  an  engine ;  its 
waste,  and  the  mode  in  which  that  waste  is  made  good. 

The  particular  functions  of  the  different  organs. 

The  structure  and  working  of  the  heart  and  blood  vessels. 

The  nature  of  the  lymphatics  and  lacteals. 

The  course  of  the  circulation  of  the  blood,  and  the  evidence  that 
it  circulates. 

The  pulse  and  the  sounds  of  the  heart. 

The  regulation  of  the  circulation  by  the  nervous  system. 

The  structure  and  properties  of  blood  corpuscles. 

The  process  of  the  coagulation  of  the  blood. 

The  proximate  chemicid  constituents  of  Uie  blood,  and  the  uses  of 
that  fluid. 

The  difference  between  arterial  and  venous  blood.  The  wav  in 
which  that  difference  is  brought  about.  The  working  of  the  chest 
and  lunffs  in  respiration. 

The  difference  in  chemical  composition  between  inspired  and 
expired  aur.  The  daily  loss  of  carbon  and  gain  of  oxygen. 
Stationary  and  tidal  air. 
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The  respiratory  murmurs.  The  nature  of  asphyxia,  and  the 
necessity  for  fresh  air. 

The  structure  and  uses  of  the  kidneys.  The  daily  loss  of  nitrogen 
in  the  shape  of  urea,  of  uric  acid  and  of  saline  matters,  by  the 
kidneys. 

The  structure  and  uses  of  the  skin. 

The  relations  of  the  lungs,  skin,  and  kidneys. 

The  structure  and  uses  of  the  liver.    The  nature  of  the  bile. 

The  development,  distribution,  and  regulation  of  the  heat  of  the 
body. 

The  composition  of  aliments:  proteids,  fats,  amyloids,  and  minerals. 

Essential  and  accessory  alimentary  substances.  Economy  of  a 
mixed  diet. 

The  digestion  and  absorption  of  aliments. 

Cilia  and  muscles ;  their  structure  and  properties.  The  levers  of 
the  body.    The  structure  of  joints.     Locomotion. 

The  structure  and  working  of  the  larynx.    Voice  and  speech. 

The  muscular  sense.  The  organs  of  the  higher  senses,  touch, 
taste,  smell,  hearing,  and  sight,  and  the  manner  in  which  they 
intermediate  between  the  cause  of  the  sensation  and  the  expansion 
of  the  nerve.  The  adjustment  of  the  eye  to  distances.  The  theory 
of  the  stereoscope. 

Simple  and  compound  sensations. 

Auditory  and  ocular  spectra.    Auditory  and  optical  delusions. 

The  general  structure  of  the  nervous  system.  The  properties  of 
nerves,  and  of  the  spinal  cord,  brain,  and  sympathethic.  Vasomoter 
nerves. 

Reflex  actions,  natural  and  acquired. 
Teict-books  for  Physiology. — Carpenter^s  Animal  Physiology;  Kirke's 
Manual;  Huxley's  Lessons  in  Elementary  Physiology . 

Snbject  XV.— ZoolosT. 

1.  Candidates  should  have  carefuUy  mastered  the  definitions  of  the 

sub-kingdoms,  classes,  and  orders  of  the  Animal  Kingdom.  I'hey 
should  understand  and  be  able  to  explain  the  meaning  of  the  terms 
employed  in  such  definitions ;  and  they  should  be  able  to  refer  any 
specimens  that  may  be  placed  before  them  to  their  proper  classes. 

2.  Candidates  should  be  prepared  to  give  fair  answers  to  questions 

relating  to  any  or  all  of  the  following  subjects,  and  they  should  be 
able  to  identify,  refer  to  their  proper  orders,  and  if  called  upon 
to  do  so,  describe,  the  objects  enumerated  in  each  section  under  the 
head  of  "types."  In  almost  all  cases  these  "types"  are  British 
animals. 

By  the  term  Natural  History,  of  such  and  such  an  object,  is  meant 

such  an  account  of  it  as  is  to  be  found  in  any  standard  modern  work  on 

Zoology. 

i.  The  structure  and  mode  of  multiplication  of  infusorial  animal- 
cules and  Foraminifera,  The  arguments  which  have  been  adduced 
for  and  against  spontaneous  generation.  The  luminosity  of  the 
sea,  and  the  nature  of  the  creatures  which  chiefly  cause  it.  The 
natural  history  of  the  sponge  of  commerce.  Types — Spongia, 
VorticeUa. 

ii.  The  meaning  of  the  terms,  zoophyte,  coral,  coralline.  Natural 
history  of  the  red  coral  of  commerce.  Common  coral  and  coral 
reefiB.  What  such  reefs  are,  where  they  are  formed,  and  how  they 
grow.  Natural  history  of  the  common  freshwater  polype,  or  hydra, 
and  of  the  "  jelly  fishes,"  or  "  medusae "  of  the  sea.  Asexual 
multiplication  as  exhibited  by  these  creatures.  Types — Hydra, 
Serttuaria,  Plumuhria,  Actinia,  CoralUum,  Fungia,  Oculina. 
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iii.  Starfishes,  sea  urchins,  hnd  HolothuruB ;  their  structure  and 
habits,  and  the  metamorphoses  which  ther  undergo.  Natural  and 
economical  history  of  Trepang.    T^pes — Uraster,  Echinus. 

iv.  Natural  history  of  the  earthworm  and  the  leech.  Intestinal 
worms;  their  structure,  propagation,  and  mode  of  entrance  into 
animal  bodies.  Natural  history  of  the  Rotifera,  Types — lALmbri- 
cus,  Hirudo,  Distoma,  TiBnia,  Ascaris. 

V.  Natural  history  of  Crustacea,  The  lobster  and  crayfish,  as 
exemplifying  morphological  and  teleological  laws.  The  process  of 
ecdysis.  Barnacles,  acorn  shells,  and  fish  lice,  as  cases  of  extreme 
metamorphosis.  The  water  flea  as  exemplifying  asexual  multipli- 
cation. Types — Cancer,  Homarus,  Astacus,  Oniscus,  Daphnia,  Cy- 
clops, Lepas,  Balanus,  Argulus. 

\\,  Natural  history  of  spiders,  scorpions,  and  mites.  The  "  itch 
insect,"  centipedes,  and  millipedes.  Types — Tegenaria,  Scorpio, 
Scolopendra,  Julus, 

vii.  Insects ;  their  mode  of  breathing  as  contrasted  with  that  of 
spiders  and  crustaceans.  The  structure  of  their  wings,  and  the 
mechanism  of  flight.  The  parts  of  the  mouth  and  their  modifi- 
cations in  beetles,  bees,  butterflies,  bugs,  and  gnats.  Structure  of 
the  eyes.  Nature  of  stings,  saws,  and  ovipositors.  Natural  and 
economic  history  of  the  blistering  beetle,  of  the  silk  moth,  of  the 
bee,  of  the  cochineal  insect.  Natural  history  of  plant  lice,  of  bugs, 
fleas,  and  lice.  The  house  fly,  blow  fly,  and  gnat ;  wasps,  humble 
bee,  ichneumon  flies ;  "  black  beetles,"  crickets,  and  locusts.  The 
metamorphoses  of  insects.  Types — Melolontha,  Blatta,  lAhellula, 
Phryganea,  Coccus,  Aphis,  Bombyx,  Apis,  Vespa,  Musca. 

viii.  The  characteristic  peculiarities  of  the  nervous,  circulatory, 
respiratory,  and  locomotive  organs  of  mollusks  in  general.  Orga^ 
nization  of  "sea  mat*'  (Flustra).  Ascidians  and  **lamp  shells** 
(Terebratula),  Natural  history  of  fresh-water  and  marine  mussels. 
Nature  of  mother  of  pearl.  Formation  of  pearls.  Pearl  fishery. 
Natural  and  economicsd  history  of  the  oyster.  Organization  of  snails 
and  slugs,  periwinkles,  limpets,  whelks.  Development  of  the  young 
of  the  latter.  Nidamental  capsules.  Cuttlefishes  and  squids. 
Paper  nautilus.  Pearly  nautilus.  The  shipworm  and  Pholas, 
Mechanism  by  which  mollusks  bore.  Types — Flustra,  Ascidia, 
Terebratula,  Unio,  Mytilus,  Ostrea,  Pecten,  Helix,  Patella,  Littorina, 
Buccinum,  Chiton,  Sepia,  Loligo,  Argonauta,  Nautilus, 

ix.  Circulatory,  respiratory,  and  reproductive  organs  of  fishes. 
Their  dentition.  Natural  and  economical  history  of  the  lamprey, 
sprat,  sardine,  herring,  pilchard,  salmon,  trout,  eel,  cod,  haddock, 
sole,  flounder,  turbot,  mackerel,  tunny,  sturgeon,  skate,  ray,  do^ 
fish,  shaj»k.  Electrical  fishes.  Fishes  which  are  capable  of  living 
in  air.  Pisciculture,  or  the  artificial  breeding  of  fishes.  Types — 
Amphioxus,  Petromyzon,  Syngnathus,  Cyprinus,  Perca,  Accipenser, 
Lepidosteus,  Raia,  Spinax, 

X.  Natural  history  of  salamanders,  newts,  frogs,  and  toads. 
Metamorphoses  undergone  by  their  young.  Types — Salamandra, 
Triton,  Rana, 

xi.  Circulatory  and  respiratory  organs  of  reptiles  as  distinguished 
from  those  of  mhes  and  amphibia.  Natural  history  of  snakes, 
lizards,  crocodiles,  turtles,  and  tortoises.  Tortoise-shell.  Shedding 
of  the  skin  in  reptiles.  Types — Coluber,  Pelias,  Anguis,  Laccrta, 
CrocodUus,  Testudo,  Chelone, 

xii.  Organs  of  locomotion,  respiration,  voice,  circulation,  and  re- 
produdion  of  birds.  Structure  and  mode  of  growth  of  feathers 
Development  of  the  fowl's  egg.    Artificial  hatching.     Migration, 
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and  instincts  of  birds.  Natural  history  of  domestic  birds ;  of  the 
osti'ich,  the  apteryx,  the  penguin,  and  the  dodo.  Types — Falco, 
Corvus,  Columba,  Picas,  Phasianus,  Ardea,  Struthio,  Anser, 

xiii.  Organs  of  respiration,  circulation,  and  reproduction  of 
mammals.  Production  and  nutrition  of  their  young.  Placenta] 
and  implacental  mammals.  Nature  of  milk  and  of  the  lacteal 
glands.  Peculiarities  in  the  dentition  of  mammals.  Natural  and 
economic  history  of  the  domestic  mammals;  of  the  ivory  and  fur 
yielding  mammals;  of  seals;  of  whales.  The  hybernation  and 
migration  of  mammals.  Characters  of  the  orders  of  mammals. 
Types — Cercopithecus,  Vespertilio,  Erinaceus,  Lepvs^  Elepkas,  Sus, 
Cervus,  Bos,  Ovis,  Felis,  Phoca,  Phocana,  Dasypus,  Halmaturus, 
Omithorhynchus. 

xiv.  The  distinctive  peculiarities  of  man.  The  characters  of  the 
principal  races  of  mankind,  and  their  geographical  distribution. 
Text-books  for  Zoology. — Dallas's  Natural  History  of  Animals  in  Orr's 
Circle  of  the  Sciences;  Gosse's  Manual  of  Marine  Zoology;  Pro- 
fessor ureene's  Manual  of  the  Protozoa;  Rymer  Jones's  Animal 
Kingdom, 

S&bjeet  acvz. — Vegetable  Pbyaioloffy  and  Sconomlo  Botany. 

In  this  department  the  candidate  will  be  expected  to  answer  correctly 
questions  on  the  following  points : — 

1.  The  properties  of  the  principal  elements  entering  into  the  composition 

of  plants.  Carbon,  oxygen,  hydrogen,  nitrogen,  sulphur,  phos- 
phorus, chlorine,  iodine,  sihcon,  potassium,  sodium,  calcium,  iron. 

2.  The  composition  and  properties  of  the  compounds  forming  the 
principal  part  of  the  structure  of  plants.  Cellulose,  starch,  dextrine, 
sugar,  fixed  oil,  gluten,  albumen,  caseine.  The  saline  compounds 
forming  the  ashes  of  plants. 

3.  The  composition  and  properties  of  peculiar  vegetable  products.     Vo- 

latile oils.  Acids.  Colouring  matters.  Alkaloids.  Neutral  principles. 
Chlorophyll. 

4.  The  origin  and  growth  of  the  vegetable  cell.    The  tissues  of  plants 

Cellular  tissue.  Intercellular  organs.  Epidermal  tissue.  Hairs 
Stomates.    Vascular  tissue.    TVoody  tissue. 

5.  The  structure  and  functions  of  the  organs  of  plants.    The  root. 

Spongioles.  Absorption  and  excretion.  Nature  of  vegetable  food. 
The  stem.  Structure  of  Exogenous,  Endogenous,  and  Acrogenous 
stems.  The  leaf.  The  forms  of  leaves.  Exhalation.  Stipules  and 
bracts.  The  flower.  Calycine,  CoroUal,  Staminal,  and  Carpellary 
leaves.  Development  and  nature  of  pollen.  Ovules  or  seed  buds. 
Vegetable  impregnation.  Embryo.  Seed.  Fruits ;  their  nature  and 
forms.    The  nature  of  the  reproductive  organs  in  flowerless  plants. 

6.  The  composition  and   nature  of  vegetable  substances-  used  by  man 

as  food.  Distinctions  between  heat- giving  and  flesh-forming  foods. 
Structure  and  geographical  distribution  of  plants  yielding  starch, 
sugar,  oil,  gluten,  albumen,  and  legumin. 

7.  Properties  of  vegetable  substances  used  in  the  arts  and  manufactures. 
Vegetable  secretions  used  as  dyes. — Indigo,  madder,  logwood,  red 
Sanders  wood,  quercitron,  alkanet,  arnotto,  gall-nuts,  myrobolans. 

8.  Materials  used  in  the  manufacture  of  textile  fabrics. — Cotton,  flax, 
hemp,  coco- nut,  jute,  New  Zealand  flax. 

9.  Principal  forms  of  timber  trees,  and  their  uses. — Oak,  mahogany, 
teak,  pine,  &c. 

10.  Nature  of  tanning  principles  and  plants  yielding  tannic  acid. — Oak- 
bark,  valonia,  catechu,  kino,  divi-divi,  betel-nut. 
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11.  Gums,  oilB,  and  resins  used  in  arts. — Gum  arabic,  benzoin,  rosin^ 
turpentine,  camphor,  essential  oils,  oooo-nut  oil,  palm  oil,  other 
fixed  oils,  caoutcnouc,  gutta  pertsha. 

12.  Substances  obtained  from  the  vegetable  kingdom  and  used  as  medi- 
cines.— Opium,  quinine,  tobacco,  jalap,  scammony,  gentian,  aloes, 
rhubarb,  senna,  ipecacuanha,  sarsapuilla,  castor-oil,  assafoetida, 
myrrh,  nux  vomica,  hemlock. 

Text-books  for  Vegetable  Physiology  and  Economic  Botany. — Henfrey's 
Elementary  Course  of  Botany  ;  Van  Voorst.  Carpenter's  Vegetable 
Physiology,  edited  by  Dr.  Lankester;  Bohn.  Schleiden's  Prin- 
ciples of  Scientific  Botany  :  Bohn.  A  Manual  of  Structural  Botany 
by  M.  C.  Cooke.  Archer's  Popular  Economic  Botany ;  Reeve  and 
do.  Lindley's  Medical  and  (Economical  Botany;  Bradbury  and  Evans. 
Subject  aCVXX. — Systematic  Botany. 

In  this  department  the  candidate  will  be  expected  to  demonstrate  the 
structure  of  plants  from  living  specimens. 

1.  The  distinctions  between  the  three  great  classes  of  plants.  Dico- 
tyledons, Monocotyledons,  and  Acotyledons.  Also  of  the  groups 
Uymnosperms,  Rhizanths,  Dictyogens,  Acrogens,  and  Thallogens. 

2.  The  characters  of  the  following  orders  of  British  plants  should  be 
mastered,  and  the  typical  genera  recognized,  and  their  structure 
understood. 

3.  Alg<B,    The  natural  history  and  uses  of  sea-weeds.    The  microscopic 

structure  of  diatoms  and  desmids.  Nature  of  the  reproductive 
organs  in  this  order.  Types — Navicula,  Desmidium,  Conferva,  Fucus, 
Ceramium, 

4.  Lichens.  The  natural  history  and  uses  of  hchens.  Structure  of  their 
reproductive  organs.    Types — Gr aphis,  Collema,  Parmelia. 

5.  Funai.  The  natural  history  of  mushrooms,  puff-balls,  moulds,  blights^ 
and  toadstools.  Their  uses  in  nature.  Types — Agaricus,  Bomsta, 
Torula,  A^ergillus,  Morchella,  Mucor. 

6.  Mosses.    The  nature  of  their  reproductive  organs.    Types  —Bryum, 

Sphagnum,  Funaria. 

7.  Ferns.  Nature  of  their  rhizomes.  Herbaceous  and  tree  ferns. 
History  of  Development,  and  nature  of  reproductive  organs.  Types 
— Polypodium,  Hymenophyllum,  Osmunda. 

8.  GraminacecB.  The  history  of  grasses  and  their  uses.  Nature  of  the 
flower  in  this  order.  Useful  plants  of  the  order.  Types — Phleum, 
Hydrochloa,  Panicum,  Agrostis,  Arundo,  Spartina,  Avena,  Festuca, 
Hordeum,  Triticum,  Secale,  Nardus,  Anatherum, 

9.  Cyperacece.     Sedges.    Types — Carex,  Sdrpus. 

10.  LiliacecB.     The  lily  tribe,  its  useful  properties.      Types — Tulipa, 

Ornithogalum,  Muscari. 

11.  AmaryllidacecB.  The  family  of  the  narcissus,  snow-drop,  snow-flake. 
Types — Narcissus,  Galanthus. 

12.  Orchidacete.  The  orchis  family.  Structure  of  reproductive  organs. 
Types — Orchis,  Goodyera,  Malaxis,  Cypripedium. 

13.  Amentacea.    The  family  of  the  hazel,  chestnut,  oak,  willow,  birch, 

beech,  poplar,  and  hornbeam.  The  uses  of  these  plants  as  timber, 
&c.  Types — Quercus,  Corylus,  Fagus,  Castanea,  Betula,  Myrica, 
Salix,  Populus. 

14.  Urticacem,  The  nettle  and  hop  tribe.  Its  relations  to  Moracee, 
Artocarpaca,  Cannabinacea,  and  Ulmacea.  The  nature  of  the 
stings  of  Urtica,  and  the  bitter  principle  of  the  hop.  Types — Urtica, 
Panetaria,  Humulus. 

15.  EuphorbiacecB.    The  spurge  family.     Foreign  forms  and  their  uses. 

Croton,  Cascarilla,  Ricinus,  Janipha.  Apetalous  and  Polypetalous 
forms.    Types — Euphorbia,  Btums, 
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16.  Polygonac€€B,  The  buckwheat  and  rhubarb  tribe.  Tjrpes — Poly' 
ffonum,  Jhimex, 

17.  PrimulacecB,  The  primrose  family.  Theory  of  the  peculiar  position 
of  stamens.    Types — Primula,  Ijyiimachia, 

18.  LabiattB.  The  dead  nettle  tribe.  Peculiar  properties  of  this  order 
T^pes — Mentha^  Salvia,  Thymus,  Nepeta,  Lamkan,  Teucrium, 

19.  Scrophulariacea.  The  scrophulana  tribe.  Nature  of  the  poisonous 
properties  of  the  order.  Types — Scrophularia,  Digitalis,  Verbascum, 
Euphrasia,  Veronica,  Melampyrum, 

20.  Boraginac€<B.  The  borage  tribe.  Peculiarities  of  their  epidermis. 
Use^  species.  Types — Cynoglossum,  Borago,  Echium,  Myosotis 
Lithospermum, 

21.  Solanacea.  The  tribe  of  deadly  nightshade,  henbane,  tobacco,  and 
potato.  Useful  and  poisonous  species.  Types — Solanum,  Atropa, 
Hyoscyamus,  Datura, 

22.  EricacetB,  The  heath  tribe.  Its  distinction  from  Epacridacem, 
lypes — Erica,  Arbutus,  Vaccifdum,  Pyrola,  Monotropa, 

23.  CompositiB,  The  composite  family.  The  number  of  species  and 
geographical  distribution.  Structure  of  the  sub-orders  Asteracettf 
Cichoracea,  and  Cynaracea,  Types — Tussilago,  Aster,  Inula,  Gna-- 
phalium,  Bellis,  Artemisia,  Achillea,  Carlina,  Carduus,  Cichorium, 
Leontodon,  Lactuca,  Crepis. 

2^.  Stellat<B,  The  Stellate  tribe.  Its  relation  to  Cinchonacea  and 
Caprifoliace<B,  The  properties  and  useful  plants  of  Cinchonaceae. 
Types — Galium,  Rubia. 

25.  UmbelliferiB.  Umbel  bearing  plants.  Character  of  inflorescence 
and  flowers.  Nature  of  fruit.  Structure  of  cremocarp.  Proper- 
ties of  the  order.  Types — Hydrocotyle,  Sanicula,  Eryngium,  Aptum, 
Sium,  ^thusa,  (Enanthe,  Crithmum,  Angelica,  Pastinaca,  Daucus^ 
Torilis,  Scandix,  Conium,  Coriandrum. 

26.  Cucurbitaceoi.  Melon,  cucumber,  and  gourd  family.  Useful  plants 
of  this  order.    Type — Bryonia. 

27.  Rosacea,  The  rose,  apple,  cherry,  and  plum  tribe.  Forms  of  the 
fruit.  The  useful  plants  of  this  order.  Types — Prunus,  Spiraa, 
Fragaria,  Rubus,  Geum,  Rosa,  Cratagus,  Pyrus, 

28.  LeguminosiB.    The  bean,  pea,  and  clover  fainily.    Principal  divisions 

of  the  family.   Structure  of  the  flowers  and  firuits.    Useful  plants  of 
the  order.    Types — Ulex,  Trifolium,  Vicia,  Astragalus,  Omithopus. 

29.  Crucifera,  Cabbage,  turnip,  and  mustard  tribe.  Structure  of  the 
flowers  and  fruits.  Useful  plants  of  the  order.  Properties.  Type»-* 
Nasturtium,  Alliaria,  Brassica,  Sinapis,  Armorada,  Iberis,  Isatis^ 
Crambe,  Cakile, 

30.  Papaveracea,  The  poppy  tribe.  Properties  and  mode  of  collecting 
opmm.    Natmre  of  fruit.    Types — Papaver,  Glaucium,  Chelidonium. 

31.  P[anuncul€Lce<B,  The  crow-foot  tribe.  Structure  of  abnormal 
genera ;  Aconitum,  Aquilegia,  and  Delphinium,  Nature  of  poison  in 
order.    Types — Ranungultis,  Clematis,  HeUeborus,  PcBonia,  Anemone. 

Text-books  for  Systematic  Botany .^ — Lindley's  Vegetable  Kingdom,  For 
British  Botany. — Bentham's  Handbook  of  the  British  Flora,  or 
Babington's  manual  of  British  Botany, 

Subject  XVXXX.— Mining. 

The  Art  of  Mining  embraces  so  wide  a  field  of  study  that  eoual  prac- 
tical proficiency  in  its  various  branches  is  not  to  be  expected ;  out  those 
who  wish  to  gain  a  general  knowledge  of  it  may  be  recommended  to 
direct  their  attention  to  the  subjoined  heads,  viz. : 

1.  Geolo^  and  Mineralogy,  more  particularly  those  portions  of  the 
sciences  which  bear  on  the  following  subjects, — ^the  nature  and  position 
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in  the  earth's  erast  of  the  useful  minerals,  the  ch&sses  of  rock  with 
which  they  are  severally  associated,  the  special  character  of  heaves, 
throws,  troubles,  and  all  kinds  of  dislocation ;  the  particular  difiPerences 
between  beds  and  lodea,  and  their  minerals,  and  the  chief  features  of 
irre^lar  repositories. 

2.  The  methods  of  prospecting  and  searching  at  surface  for  ores  and 
other  minerals. 

3.  Breaking  of  ground ;  the  various  implements  employed,  their  form, 
dimensions,  and  weight ;  boring  for  shots ;  the  various  modes  of  firing 
charges.  Heavy  charges,  how  calculated  and  fired;  rules  for  ensuring 
safety. 

4.  Deep  boring,  under  what  circumstances  appHcable, — ^apparatus  for; 
description  of  varieties  in  use ;  lining  of  bore-holes. 

5.  Management  and  supervision ;  payment  of  men  employed  at  mines, 
at  surface  and  underground,  varying  in  principle  with  the  diiBPerent 
classes  of  operation ;  reasons  for  tut-work  or  piece-work,  and  tribute  or 
bing-tale  under  different  circumstances.  Calculations  for  cost  of  driving, 
sinking,  tramming,  &c. 

6.  Physical  principles  of  ventilation ;  practice  of  mines  where  simple 
natural  ventilation  is  employed ;  ventilation  of  large  areas  and  of  deep 
or  complicated  workings  by  guiding  the  natural  current;  artificial 
means,  and  their  details,  for  promoting  ventilation.  Precautions  to  be 
taken  under  specially  dangerous  conditions. 

7.  Illumination,  of  various  kinds,  their  economy;  safety  lamps  in  all 
their  best  modifications;  circumstances  under  which  they  should  be 
employed ;  precautions  in  their  use. 

8.  Mechanical  division  of  the  subject.  Strength  of  materials  used  in 
mines  ;  human  and  horse  power,  principles  and  construction  of  machines 
to  which  they  are  appliea.  Hydraulic  machines :  construction  of  the 
water-wheels,  turbines,  and  pressure  engines  most  suitable  to  the  various 
operations  of  mining.  Steam  engines,  for  pumping  and  for  winding ; 
arrangement  and  construction  of  the  varieties  most  in  use.  Form  and 
dimensions  of  boilers.  Pumps  employed  in  mines,  mode  of  placing 
them ;  construction  of  the  lifts ;  materials  and  details  of  the  rods,  set- 
offs, counterbalances,  cisterns,  snd  catches.  Circumstances  under  which 
dams  are  erected  in  shafts  or  levels ;  mode  of  building  them. 

Tubbing  of  water  from  shafts ;  conditions  under  which  it  may  be 
done ;  details  of  the  operation  with  various  materials,  wood,  brick,  stone, 
cast  and  wrought  iron. 

Rails,  waggons,  and  tubs  for  underground  conveyance ;  employment 
of  horses  and  of  fixed  steam  engines  for  this  purpose. 

Raising  of  the  mineral  through  the  shafts ;  various  methods  in  use ; 
chains,  ropes  (of  hemp  or  wire),  their  weight,  &c.  Details  of  the  best 
application  of  drums,  cages,  guides,  keeps,  and  safety  doors.  Pulleys 
and  shaft  frames  or  poppet  heads;  protection  against  over-winding; 
safety  clutches,  &c.  in  case  of  breakage  of  rope. 

9.  Opening  of  ground;  quarries  and  open  work;  driving  of  levels, 
various  dimensions  and  directions  according  to  circumstances ;  sinking 
of  shafts,  inclined  or  perpendicular;  advantages  of  either  kind  under 
certain  conditions ;  means  of  securing  levels  and  shafts  by  timber  or  by 
walling ;  details  of  the  various  methods.  Driving  or  sinking  in  heavy 
or  running  ground. 

10.  Working  excavations;  plan  of  laying  them  out,  and  means  of 
security  to  be  adopted  whilst  they  are  kept  open.  This  will  include  the 
stoping  of  metalliferous  veins,  and  the  various  modifications  of  post  and 
stall,  long-work,  &c.,  which  are  applied  to  stratified  deposits. 
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11.  Travelling  in  shafts;  prevention  of  accidents  by  proper  fitting  and 
dividing;  mode  of  placing  ladders  and  soUars ;  lifting  machine  for  men, 
construction  and  advantages  of. 

12.  Dressing  of  minerals.  Arrangement  of  dressing  floors.  Con- 
struction of  crusher  and  stamps ;  washing  of  coal ;  jigging,  concen- 
tration, and  separation  of  metallic  minerals. 

The  student  may  be  advised  among  other  sources  of  information  to 
consult  the  following  works : — 

De  la  Beche's  Report  on  Cornwall  and  Devon,  Green  well's  Treatise 
on  Mine-Engineering,  Dunn  on  the  IVinning  and  Working  of  Col- 
lieries, Hedley  on  Colliery  Working  and  Ventilation,  Smyth's 
Rudimentary  Coal  and  Coal  Mining,  Evidence  before  Committees 
of  the  Houses  of  I^ords  and  Commons  en  Accidents  in  Mines, 
Reports  of  H.M.  Inspectors  of  Coal  Mines.  Transactions  of  the 
Northern  Institute  of  Mining  Engineers. 

Subject   XXX.— Metallurgy. 

Z.  Introduction. 

On  certain  physical  properties  of  metals.  Action  of  heat,  specific 
gravity,  crystallization,  fracture,  malleability,  ductility,  tenacity,  con- 
ductivity of  heat  and  electricity,  opacity,  lustre,  colour.  General  con- 
siderations on  metallurgical  processes.  Modes  of  occurrence  of  metals 
in  nature,  ores,  reduction,  smelting,  roasting,  liquation,  slags. 

ZZ.  Fuel. 

General  remarks,  calorific  power,  calorific  intensity,  classification  of 
fuels,  wood,  peat,  lignite,  coal,  charcoal,  coke,  gaseous  fuel  and  gas 
furnaces,  charcoal  burning,  coke  burning,  typical  varieties  of  coke  ovens, 
comparison  of  fuels  with  respect  to  calorific  power.  This  important 
branch  of  the  subject  is  treated  with  much  detail. 

ZZZ.  Befiractory  materials  employed  In  tbe  construction  of 
ftimaces,  cruciblest  &c. 

Fire-clays  British  and  foreign,  crucibles  of  various  kinds,  plmnbago 
and  its  application  to  crucibles,  manufacture  of  crucibles,  mre-bricka, 
silica  and  its  applications,  Dinas  fire-bricks,  sand  and  sandstones. 

ZV.    Special  MetaUurgry. 

Copper, — Compounds  of  special  importance  in  the  metallurgy  of  this 
metal  fully  described,  such  as  the  disulphide,  oxides,  &c.,  ores  of  cop- 
per, copper-smelting  in  reverberatory  and  blast  furnaces,  reactions 
occurring  in  the  process,  kernel-roasting,  'wet'  methods,  of  extracting 
copper  from  its  ores,  assaying  of  copper  ores  by  *  dry '  and  '  wet '  methods, 
ship  sheathing. 

Zinc, — In  describing  the  metallurgy  of  zinc  and  the  following  metals, 
the  same  plan  will  be  followed  as  in  describing  the  metallurgy  of  copper, 
that  is  to  say,  the  compounds  of  special  metallurgical  importance  will  be 
first  considered  in  detail,  as  well  as  the  reactions  upon  which  the  various 
processes  of  smelting  essentially  depend,  and  the  construction  of  the 
furnaces  will  be  fully  explained.  Ores  of  zinc,  English,  Belgian,  Silesian, 
and  Carinthian  methods  of  extraction,  assaying  of  zinc  ores  brass,  its 
history,  properties  and  man\ifacture. 

Lead, — Ores  of  lead,  lead  smelting  in  the  '  ore-hearth,'  low  blast  and 
reverberatory  furnaces,  lead-fume  and  various  methods  adopted  for  its 
condensation,  assaying  of  lead  ores. 

Silver. — Ores  of  silver ;  smelting  of  silver  ores  with  lead ;  cupellation  ; 
desilverization  of  lead  by  Pattinson's  process,  also  by  that  of  Parkes ; 
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treatment  of  arffentiferous  copper  by  liquation;  extracUon  of  silver; 
amalgamation,  the  old  Freiberg  method  and  the  Mexican;  Ziervogeland 
Auguistin's  '  wet '  methods ;  treatment  of  argentiferous  copper-regulus ; 
alloys  of  silver  and  copper;  standard  silver ;  assaying  of  silver  ores  and 
alloys. 

Gold. — Modes  of  occurrence  of  gold  in  nature ;  extraction  by  amalga- 
mation and  by  smelting  with  lead ;  chlorine-water  as  a  solvent  for  the 
extraction  of  gold  from  certain  ores ;  separation  of  gold  from  silver  or 
parting  by  nitric  and  by  sulphuric  acids;  alloys  of  gold  with  the 
preceding  metals;  standard  alloys;  assaying  of  auriferous  ores  and  alloys. 

Mercury. — Ores  of  mercury ;  extraction  in  the  Almaden,  Idrian,  and 
Hahner  furnaces ;  in  retorts  in  admixture  with  reducing  agents ;  assaying 
of  the  ores  of  mercury. 

Antimony. — Ores  of  antimony;  liquation  of  the  native  sulphide  and  its 
subsequent  reduction  by  iron  or  other  agents ;  alloys  of  antimony,  type 
metal,  &c. ;  assaying  of  the  ores  of  antimony. 

Bismuth. — Mode  of  occurrence  in  nature;  its  extraction  from  ores 
containing  it  by  liquation ;  alloys  of  bismuth. 

Nickel. — Ores  of  nickel;  modes  of  extraction,  generally  by  a  com- 
bination of '  dry '  and  '  wet '  processes ;  alloys  of  nickel,  especially  those 
known  as  German  silver ;  assaying  of  nickeuferous  ores  and  alloys. 

Cobalt. — Ores  of  cobalt ;  smelting  and  preparation  of  zaSre  and 
cobalt  colours,  smalts,  &c. ;  separation  of  nickel ;  assaying  of  cobalt  ores. 

Arsenic. — Mode  of  occurrence  in  nature ;  arsenious  add  or  '  glass '  of 
arsenic,  generally  obtained  as  a  secondary  product  in  the  treatment  of 
certain  other  ores,  such  as  those  of  nickel,  cobalt,  &c. ;  modes  of  con- 
densation of  arsenical  fmnes ;  preparations  of  arsenical '  glass,' 

Tin. — Ores  of  tin ;  smelting  in  reverberatoiy  and  blast  furnaces ;  tin 
refining ;  varieties  of  tin  in  commerce ;  alloys  of  tin,  with  the  preceding 
metals,  bronze,  ffun-metal,  bell-metal,  &c. ;  assaying  of  tin-ores. 

Iron. — MaUeable  iron ;  steel ;  pig-iron ;  ores  of  iron,  direct  extraction 
of  iron  in  the  malleable  state  from  the  ore ;  smelting  of  iron  in  the 
modem-blast  furnace;  construction  of  blast-furnaces  and  blowing 
machines ;  economic  application  of  the  waste  gases ;  conversion  of  pig  into 
bar  iron  in  open  hearths  and  in  the  reverberatory  furnace ;  manufacture 
of  steel  by  various  methods.  This  department  of  the  subject  will  be 
treated  at  considerable  length. 

Various  Metals. — Platinum  and  its  associated  metals;  cadmium; 
sodium;  aluminium;  tungsten;  titanium;  manganese. 

Subject  XX.— Navigation. 

1.  Elementary    Principles. — Problems  relating  to  latitude,  longitude; 

differences  of  latitude,  and  differences  of  longitude. 
Relation  between  an  arc  of  a  parallel  of  latitude  and  an  arc  of  the 

equator.    Principles  of  plane  sailing  and  middle  latitude  sailing. 

Prindpiles  of  Mercator's  sailing.    Mercator's  chart.    Principles  of 

peat  cirde  sailing.    The  compass  and  its  corrections. 
(1.)  Variation.     (2.)  Deviation.      (3.)  Local   attraction.     (4.)  General 

theory  of  deviation  (Towson's  Practical  Information,  first  50  artides). 

Correction  of  courses  for  variation,  deviation,  and  leeway.    The 

log.    Correction  of  estimated  distances  run  for  errors  in  the  log 

line  and  glass.    Plane  sailing.    Traverse  sailing.    Middle  latitude 

sailing.    Mercator's  sailing,  with  examples. 
To  find  difference  of  longitude  made  on  a  traverse.    Sea  journal.     A 

day's  work.    Practice  of  great  drcle  sailing.    Circular  arc  sailing. 

Tides.    Winds.    Cyclones.    To  find  bearing  of  a  circular  storm ; 

veering  of  wind ;  heaving  to ;  and  saiHng  from  centre  of  gale, 

Construction  of  taUes  of  meridional  parts, 
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Description  and  use  of  sextant^  with  the  theory,  adjustments,  and 
errors. 

Note. — Candidates  for  certificates  as  teachers  of  Navigation  ^vill  be 
required  to  possess  a  competent  knowledge  of  the  whole  of  the  above 
syUabus,  andto  have  obtained  a  certificate  in  elementary  mathematics  and 
passed  in  higher  mathematics  as  far  as  spherical  trigonometry  inclusive. 

For  students. — ^To  "  pass,"  as  far  as  principles  of  plane  sailing.  The 
compass  and  correction  of  courses. 

For  honourable  mention. — As  far  as  Mercator's  sailing,  with  examples. 

For  third,  second,  and  first  class  Queen's  prizes,  a  proportionate 
knowledge  of  the  remainder. 

Sul]Ject  XXX. — Nautical  ABtronomy/ 

Definitions.  Time,  apparent,  mean,  sidereal,  &c.  Equation  of  time.  To 
express  interval  of  mean  or  sidereal  time  in  parts  of  sidereal  or 
mean  time  respectively.  To  convert  arc  into  time,  and  conversely. 
To  find  Greenwich  date.  To  take  out  right  ascension  of  sun  for  a 
given  mean  Greenwich  date. 

Correction  of  altitudes.  Dip.  Parallax.  Refraction.  Augmentation 
of  moon's  semi-diameter.  Reduction  of  altitude  of  a  heavenly 
body  observed  at  one  place  to  what  it  would  have  been  if  observed 
at  another.     The  chronometer  and  its  use,  error,  and  rate. 

Latitude  by  meridian  altitude  of  sun,  and  fixed  star. 

Latitude  by  meridian  altitude  of  moon.  To  find  Greenwich  mean  time 
of  moon's  meridian  passage.  To  find  semidiameter  and  horizontal 
parallax  of  moon  for  a  given  Greenwich  date.  To  take  out  from 
Nautical  Almanac  moon's  declination,.  &c. 

To  find  local  and  Greenwich  mean  time  of  passage  of  a  star  over  a 
given  meridian  on  a  given  day.  Latitude  by  altitude  of  sun,  star, 
or  moon  below  the  pole  and  by  pole  star.  Latitude  by  altitude  of 
.  sun  or  other  heavenly  body  near  the  meridian.  Calculations  of 
hour  angles.  Meridian  distances.  Right  ascensions.  Computa- 
tions of  time.  Error  and  rate  of  chronometer.  Computation  of 
mean  or  apparent  time  at  any  place  from  observed  altitude  of  a 
heavenly  body.  Longitude  by  chronometer.  Error  in  hour  angle 
from  error  in  observed  altitude.  Variation  of  compass.  Azimuth, 
altitudes,  amplitudes,  determination  of  true  bearings.  True  azimuth 
from  altitude  of  heavenly  body  and  without  observed  altitude. 
True  bearing  of  a  point  of  land,  &c.,  by  observed  angular  distance 
from  the  sun.  Variation  of  compass  from  observed  amplitude  of  sun. 

Deviation  of  compass,  from  Art.  50  to  end  of  Towson's  Practical  Infor- 
mation.    Sumner's  method  of  finding  longitude  and  latitude. 

Method  of  double  altitudes.  Ivory's  and  direct.  Error  of  chronometer 
by  equal  altitudes  of  sun  and  fixed  star.  To  compute  apparent 
altitude  of  a  heavenly  body  when  its  true  altitude  is  given. 

Methods  of  clearing  a  lunar  distance  fro  m  the  efPects  of  parallax  and 
refraction.  To  find  Greenwich  date  corresponding  to  a  given  true 
lunar  distance,  &c.  To  find  the  al  titudes  when  a  lunar  distance  is 
taken  from  altitudes  before  and  after  taking  the  distance.  To  find 
the  longitude  by  a  lunar.  Rate  of  chronometer  by  a  lunar. 
Ob  8. — In  all  the  above  problems  the  demonstration  of  the  rules  as 

well  as  accurate  practical  working  is  required. 

Note. — Candidates  for  certificates  as  teachers  will  be  required  to 

possess  a  competent  knowledge  of  all  the  above  syllabus,  and  to  have 

obtained  a  certificate  in  the  elementary  mathematics,  and  passed  in 

higher  mathematics  as  far  as  spherical  trigonometry  inclusive. 

For  students. — To  "  pass,"  a  knowledge  of  the  elementary  principles, 

fOid  finding  latitude  by  meridian  altitudes  of  a  heavenly  body. 
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For  "  honourable  mention,"  the  above,  with  variation  of  compass 
from  altitudes  and  azimuths,  and  rate  of  chronometer,  and  longitude  by 
chronometer,  is  required. 

For  third,  second,  and  first  class  Queen's  prizes,  a  more  or  less  acciurate 
knowledge  of  the  remainder. 

Snbject  XXXZ*— Steam. 

1,  General  Properties  of  Steam, — General  efipects  of  heat  and  cold,  with 

practical  applications  of  the  principle.  Law  of  expansion  by  heat 
not  universal.  Beneficial  result  of  this  anomaly.  To  ascertain  the 
temperature  of  any  substance.  Pyrometer,  Thermometer — Descrip- 
tion— Graduation.  Comparison  of  thermometers  when  differently 
graduated.  Laws  of  cooling.  Conduction.  Conducting  powers  of 
bodies.  Convection.  Explanation  of  some  natural  phenomena  by  this 
law.  Radiation.  Radiating  power  of  bodies.  On  what  it  depends. 
Land  and  sea  breezes.  Capacity  for  heat.  Unit  of  caloric.  Latent 
heat.  Under  what  circumstances  heat  becomes  latent.  Heat  sole 
agent  in  melting  and  vaporising  bodies.  Calorimeter.  Sources  of 
heat.  Combustion.  Temperatiu^  necessary  for  it.  Boiling  point. 
Temperature  of  elastic  fluids.  Vapour.  Formation  of  dew.  Dis- 
tinction between  vapour  and  steam.  Boiling  points  of  fresh  and 
salt  water.  Distillation.  High-pressure  steam.  Measure  of  steam 
by  atmospheres.  Steam  when  in  contact  and  when  not  in  contact 
with  boiling  water.  Relation  between  pressure,  density,  and  tem- 
perature of  steam.  Specific  gravity  of  steam.  Common,  super- 
heated and  surcharged  steam.    Priming.  Analysis  of  sea  water. 

2,  Steam  Engine. — General  principles.     DiflFerent  kinds.    Engines  in  use 

before  Watt.  Newcomen's  engine.  Its  defects.  Discoveries  of 
Watt.  Blowing  through.  Defects  in  atmospheric  engines.  Single 
acting  and  double  acting  engines.  Expansion  valve.  Cornish — 
High-pressure  or  non-condensing  engine.  Marine  steam  engine. 
Different  descriptions.  Side-lever  marine  engine.  Blow-valve. 
Stuffing  boxes.  Piston  of  steam  cylinder.  Working  parts.  Working 
of  the  sHdes,  strap,  gib,  and  cutter.  Escape  valve  of  cylinder. 
Parallel  motion.  Hall's  condensers.  Test  cocks.  Grease  cocks. 
Grease  cups  of  slides.  Annular  air-pump  bucket.  Annular 
delivery  valve.  Various  kinds  of  slides.  Cushioning.  Lead.  Lap, 
its  effects.  The  eccentric.  Throw  and  stops  of  ditto.  To  find  the 
travel  of  the  slide.  Back-lash.  Double  eccentric.  Throttle  valve. 
Expansion  valve  and  various  kinds.  Barometer  or  condenser 
gauge.  Method  of  estimating  pressure  by  it.  Errors  in  this 
method,  and  correction  of  the  same.  Lubricators,  &c.  Number 
of  engines  in  a  steamer.  Expansion  cams  and  gear.  Feed  pumps. 
Bilge  pumps.  Modes  of  propulsion.  Paddle  wheels.  Pitch,  Reefing. 
Disconnexion  and  immersion  of  wheels.  Brakes. — Modes  of  fitting. 
The  screw  propeller.  Length,  angle,  pitch,  slip,  area  of  screw 
blade.  Disconnecting  and  raising  screw.  Governors.  Direct 
acting  engines.  Gorgon — Fairbaim's  double  cylinder,  osciUating, 
trunk  engines,  &c.  Engines  for  screw  propellers.  Direct  acting, 
with  and  without  multiplying  gear.  Oscillating  horizontal  and  trunk 
engines.    Double  acting  air-pump. 

3,  Boilers. — Description.    Gear  connected  with  them.    Tubular  boiler. 

Number  of  boilers.  Steam  chest.  Safety  valve.  Waste.  Steam 
funnel  and  drip  pipe  to  steam  gauge.  Wash  or  dash  plates.  The 
funnel  dampers.  Reverse  valve.  Communication  or  stop  valve. 
Blow-out  cocks.  Circulating  pi^es.  Brine  pumps.  Brine  valves. 
Refrigerators. 
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4.  Calculations. — Methods  of  measuring  efficiency  of  steam  engines* 

Duty  of  an  engine.  Horse  power.  Mercantile  or  nominal  horse 
power.  Horse  power  from  the  evaporation  in  the  boiler.  De 
Pambour's  theory.  Velocity  of  maximum  useful  effect.  To  find 
evaporation  of  a  condensing  engine  of  given  dimensions  and  horse 
power,  the  piston  moving  with  a  given  velocity  with  and  without 
expansion.  To  find  the  pressure  in  cylinder,  knowing  the  effective 
evaporation.  To  find  the  diameter  of  a  cylinder  to  work  at  a  certain 
speed,  knowing  the  evaporation.  To  find  the  evaporation  in  the 
boiler^  knowing  the  diameter  and  velocity  of  piston  and  pressure  of 
steam  in  the  cyhnder  with  and  without  expansion.  Same  for 
locomotive,  Watt's  engines,  &c. 

The  screw — to  find  its  area.  Angle  of  the  helix  or  thread  of  the 
screw  propeller — to  find  the  pitch.  The  power  exerted  by  a  screw. 
How  far  slip  depends  on  form  and  dimensions  of  the  screw.  Motion 
of  paddle-wheels,  &c.  Consumption  of  fuel.  Measure  of  locomo- 
tive performance  of  marine  steam  engines.  To  find  the  angle  the 
crank  has  moved  through  when  the  piston  is  at  a  given  distance  from 
the  top  of  the  stroke.  Amount  of  work  developed  by  crank  in  a 
half-revolution — length  of  radius-bar  in  side  lever  engine.  Work 
done  in  the  up  and  down  stroke  of  the  air  pump.  The  best  tempe- 
rature for  the  condenser  of  a  steam  engine.     Qualities  of  fuel,  &c. 

5.  Practical  working. — Getting  up  steam.     Mode  of  starting.     Working 

engines  at  moorings.  Priming— causes  and  remedies.  Banking 
up  and  putting  back  fires,  &c.  Duties  to  machinery  when  under 
steam,  boiler,  fires,  &c.  Ii^ection  pipes.  Kingston's  valves.  Leaks 
in  engines.  Bearings  of  engines.  Expansive  working.  Manage- 
ment of  fuel.  Damages  ana  repairs  to  boiler,  &c.,  after  accidents. 
Duties  to  engine,  &c.,  on  arriving  in  harbour. 

6.  Indicator. — The  ends  it  fulfils.      Description.      Atmospheric    line. 

Method  of  taking  a  diagram.  The  general  configuration  of  diagram 
to  be  expected  under  various  circumstances.  The  slide-diagram. 
Examination  of  Indicator-diagram  when  steam  is  throttled ;  when  ex- 
pansive gear  alone  used,  and  in  other  cases.  To  ascertain  the  horse- 
power of  an  engine  by  means  of  the  indicator.  To  find  quantity  of 
water  evaporated.  Friction  of  steam  engine  without  load.  Diagram 
when  there  is  no  condensation.  Diagram  showing  the  relative 
motions  of  sUde  and  piston  at  every  point  of  the  stroke. 
Dynamometer.    To  find  horse-power  of  engine  by  means  of  it. 

The  text  books  specially  recommended  are — The  Marine  Steam  Engine, 
by  Professor  Main  and  Mr.  Brown,  R.N.,  Longmans  and  Co. ;  Main 
and  Brown's  Indicator  and  Dynamometer ;  De  Pambour's  Theory 
of  the  Steam  Engine, 

Note. — ^No  certificate  as  a  teacher  of  steam  will  be  given  unless  the 
candidate  has  obtained  a  certificate  in  elementary  mathematics  and 
theoretical  mechanics ;  and  no  first  grade  certificate,  unless  he  has  taken 
a  certificate  in  higher  mathematics. 

Subject  XXXXX.— Phsrsical  Qeog^aphy. 

The  following  very  brief  outline  of  the  principal  branches  of  this 
subject  may  be  useful : — 

a.  So  much  elementary  astronomy  as  relates  to  the  position  of  the 
earth  in  the  solar  system,  its  magnitude  and  rotation,  and  the 
influence  of  the  sun  and  moon  on  terrestrial  phenomena. 
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b.  So  much  of  elementary  physics  and  inorganic  chemistry  as 

includes  the  nature  and  mode  of  action  of  the  physical  forces 
and  the  composition  of  rocks. 

c.  So  much  of  elementary  geology  and  mineralogy  as  includes 

a  knowledge  of  the  nature  of  rocks,  their  superposition, 
succession,  and  disturbances. 

d.  So  much  of  palaeontology  as  includes  a  knowledge  of  the  dis- 

tribution of  life  in  time. 

L  The  distribution  of  land.  Form  of  land,  continental  and  insidar. 
Elevation  of  land.  Mountains.  Plateaux  or  table-lands.  Low 
plains.    Valleys.     Deltas.     Grouping  of  islands. 

II.  Phenomena  of  water.  Oceans  and  inland  seas.  Composition 
and  temperature  of  oceans.  Movements  of  water.  Tides  and 
currents.  Waves.  Lakes.  Rivers  and  river  systems.  Water- 
falls. Circulation  of  water  on  the  globe.  Ice.  Glaciers. 
Springs. 

III.  Phenomena  of  the  atmosphere;    its  nature  and  composition. 

Effects  of  heat  on  air.  Winds.  Periodic  winds.  Storms  of 
various  kinds.  Electric  storms.  Magnetic  storms.  Effects 
of  moisture  in  the  air.  Dew.  Clouds  and  rain.  Estimate  of 
rain-fall.     Climate  and  weather. 

IV.  Volcanic  and  earthquake  phenomena.  Distribution  of  volcanoes. 

Volcanic  groups.  Nature  of  an  eruption.  Nature  of  earth- 
quakes. Range  of  earthquakes.  Statistics  of  earthquakes. 
Result  of  volcanic  action  and  upheaval  on  the  physical  con- 
dition of  the  land. 

V.  Distribution  of  vegetation  on  the  globe  in  space,  horizontal  and 
vertical.  Influence  of  climate  and  soil  on  natural  groups  of 
plants.  Representative  forms  of  plants.  Range  of  cultivated 
plants. 

VI .  Distribution  of  animals  in  space.  Zones  of  height  in  the  air  and 
of  depth  in  water.  Corresponding  forms  of  animal  life  in 
different  zones  or  belts.  Relation  between  parallels  of  latitude 
and  zones  of  height  or  depth.  Special  distribution  of  certain 
classes  and  groups  of  animals. 

VII.  Distribution  of  plants  and  animals  in  time. 

VIII.  Ethnology.  Families  of  the  human  race.  Geographical  limit  of 
certain  races.  First  introduction  of  the  human  family.  Modi- 
fication of  the  races  of  men.  Influence  of  man  on  vegetation 
and  on  animals.  Extinction  of  races  by  human  influence. 
Influence  of  man  on  inorganic  nature.- 
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SQENCE  FORM,  No.  232. 


CIRCULAR  MEMORANDUM  TO   SCIENCE   SCHOOLS 
AND  CLASSES. 

By  the  advice  of  the  Examiners  in  Science,  the  Lords  of  the  Com- 
mittee of  Council  on  Education  have  sanctioned  the  following  rules 
for  the  examination  of  Science  Schools  and  Classes  in  May : — 

1.  That  there  shall  he  two  examination  papers  in  each  subject ;  one  of 
which  (the  first)  will  be  an  easy  paper,  the  other  (the  second)  more 
difficult. 

2.  That  the  candidate  shall  be  allowed  to  select  questions  out  of  either 
the  first  or  the  second  paper;  but  not  out  of  both. 

3.  That  the  candidate  shall  be  restricted  to  a  certain  number  of  ques- 
tions in  each  paper — the  number  which  he  may  fairly  answer  in  the  time 
allowed — and  that  the  paper  shall  consist  of  about  half  as  many  more 
questions.  Thus,  if  eight  questions  in  a  paper  can  fairly  be  answered  in 
tne  three  hours,  the  paper  will  consist  of  about  twelve  questions,  and  the 
candidate  will  be  allowed  to  attempt  any  eight  of  those,  but  no  more. 

4.  That  the  5th  and  4th  class  shall  be  obtained  from  the  first  paper 
only,  and  the  1st  and  2nd  class  from  the  second  paper  only ;  whilst 
the  3rd  class  may  be  obtained  from  either  the  first  or  the  second  paper. 

Thus,  for  instance,  if  the  candidate  is  restricted  to  eight  questions  in 
the  first  paper  and  to  ten  in  the  second  paper  in  a  subject,  then  the 
number  of  marks  attached  to  some  eight  and  some  ten  of  those  ques- 
tions respectively  will  be  100,  and  40,  60,  and  80  *  marks  in  the  first 
paper  will  give  a  5th,  4th,  or  3rd  class  respectively,  while  40,  60,  and  80 
marks  in  the  second  or  (hfficult  paper  will  give  a  3rd,  2nd,  or  1st  class. 
The  3rd  class  will  thus  be  obtained  either  by  very  good  answering  in  the 
easy  paper  or  by  fair  answering  in  the  difficult. 

5.  Teachers  are  recommended  to  explain  the  system  fully  to  their 
pupils  before  they  come  up  to  examination,  and,  if  possible,  from  their 
knowledge  of  the  students'  attainments,  to  advise  them  which  paper  to 
attempt. 


*  These  i>eiW!eiitageB  are  only  given  as  examples.    The  scale  may  vary  from  time  to 
time. 
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8CIENCB  AND  ART  DBPARTMBNT. 

COMMITTEE  OF  COUNCIL  ON  EDUCATION, 

Cbohwell  Boad,  South  Kensikotov. 

Lord  President,  His  Grace  the  Duke  of  Mahlbobough. 

Vice-President  of  the  Committee  of  Council  on  Education,  The  Eight  Hon. 

lobd  bobbrt  montaqu,  m.f. 

List  of  Officebs  of  thb  Science  akd  Abt  Depabtuent, 
9  Office  hours  10  till  4. 

Gekebal  ,  Administbation. 

Secretary. — ^Henry  Cole,  C.B. 

Assistant  Secretary. — Norman  MacLeod. 

Chief  Cierk. — G.  F.  Duncombe  (pro  tem.) 

First-class  C5ferA«.— Percival  B.  B.  Peile,  certificated  in  Science ;  E.  P.  Bartlett, 
certificated  in  Science  ;  A.  J.  R  TrendelL 

Second-class  Clerks. — A.  H.  jGasparini ;  C.  A.  Pierce,  certificated  in  Art ; 
A.  S.  Cole,  certificated  in  Science  ;  also  in  Art ;  T.  Chesman,  B.A., 
LL6.,  certi6cated  in  Science. 

Supplementary  Clerks. — E.  Belshaw,  certificated  in  Art;  W.  Burtt,  certifi- 
cated in  Science ;  G.  G.  Millard,  certificated  in  Science. 

Assistant  Clerks.—Yi .  H,  P.  Strattonj  C.  Comyns;  C.  G.  Quinton. 

Accountant. — A.  L.  Simkins.  Book-keeper. — H.  W.  Williams.  Assistant.^- 
T.  A.  Bowler. 

Storekeeper, — W.  G.  Groser.    Deputy. — H.  Lloyd. 


Science  Division. 
Official  Inspector  for  Science.:— Captain  Donnelly,  R.E. 
Occasional  Inspectors. — J.  F.  Iselin,  M.A. ;  F.  J.  Sidney,  LL.D. ;   Captain 

Harris,  E.I.C.  {N0vigation), 
Official  Examiner. — G.  C.  T.  Bartley,  certificated  in  Science ;  also  in  Art. 
Professional  Examiners  for  Science. — Professors  D.  T.  Ansted,  F.R.S.  ;  T. 

Bradley;  Rev.  B. M.  Cowie,  B.D. ;  A.  W.  Hofmann,  LL.D.,  F.R.S. ;  T.  H. 

Huxley,    F.R.S. ;    J.  Percy,  M.D.,    F.R.S. ;  A.    C.  Ramsay,  F.R.S. ; 

W.  W.  Smyth,  IkL  A.,  r.R.S. ;  T.  Thomson,  F.R.S. ;  J.  Tyndall,  F.R.S.  ; 

Rev.  Joseph  WooUey,  LL.D. 
Organizing  Master  of  Science  Classes. — J,  C.  Buckmaster,  F.C.S, 

Abt  Division. 
Inspector-General. — Richard  Redgrave,  R.A. 

Official  Inspectors.— K.  A.  Bowler;  R.  G.  Wylde,  certificated  in  Art. 
Occasional  Inspectors.— S.  A.  Hart,  R.A.;  Eyre  Crowe ;  F.  B.  Bar  well. 
Official  Examiner.—  G.  F.  Duncombe. 
Occasional  Examiners.—John  Marshall,  F.R.S.,  F.R.C.S.  ;  Rev.  J.  H.  Edgar; 

T.  Clack  ;  G.  M.  Atkinson  ;  G.  Stewart ;  G.  R.  Redgrave  ;  Christopher 

Dresser,  Ph.  D.  Jena. 
Professional  Examiners.S\T  F.  Grant,  P.R.A. ;  Daniel  Maclise,  R.A.;  J.  C. 

Horsley,  R.A. ;  Richard  Redgrave,  R»A. ;  F.  Leighton,  A.R.  A. 


South  JSensinoton  Museum. 
Director, — Henry  Cole,  C.B. 

Assistant  Directors, — R  A.  Thompson ;  P.  C.  Owen ;  Captain  E.  R.  Festing,  R.E. 
Director  of  New  Buildings, — Lieut-Colonel  Scott,  R.E. 
Decorative  Artists. — J.  Gamble ;  R.  Townroe. 

Art  Referees  for  the  Museum. — R.  Redgrave,  R.A. ;  J.  C.  Robinson,  F.S.A. 
Editor  of  Catalogues  and  Referee  for  Libraries. — J.  H.  Pollen,  M.A.,  late 

Fellow  of  MertoB  College,  Oxford. 
Provisional  Librarian  for  Art  Lihrary,^^  H.  Soden  Smith,  M.A.,  Trinity 

College,  Dublin,  F.S.A. 
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Soms  Kkkszkqtoh  HnnuM — conL 

Division  Keepers  of  JUuoeum  CoBeeHons.—<}.  WaUiB  $  W.  Matchwick;  H. 
Sandham;  R  I^key. 

Assistant  Keeper  of  Museum  CoUeeHons. — C.  B.  Worsnop. 

Supplementary  Assistant  Keepers, — C.  C.  Black,  MA.,  Trinity  College,  Cam- 
bridge ;  B.  F.  Sketchley,  B  A.,  Exeter  College,  Oxford ;  H.  E.  Acton  ; 
J.  W.  Appell,  Ph.  D.;  A.  C.  King,  P.S.A. 

Clerk  of  CoOections.'-J.  B.  BundelL 

Supplementary  Clerks,^-'K.  Yemon  ;  A.  Masson ;  !F.  Coles,  certificated  in 
Science  ;  F.  Groser,  certificated  in  Art ;  W.  G.  Johnson. 

Agent  for  Sale  of  Examples, — J.  Candall. 

Official  Photographer.—-^  Thurston  Thompson.  « 


National  Abt  Trainino  School. 
Head  Master. — ^Bichard  Barchett 
Deputy  Head  Master. — ^B.  W.  Herman. 
Mechanical  and  Architectural  Drawing. — H.  B.  Hagreen. 
Geometry  and  Perspective. — C.  M.  Clarke. 
Painting,  Freehand  Drawing  of  Ornament^  jfc,  the  Figure  and  Anatomy^  and 

Omametital  Design.—^.  Barchett,  B.  W.  Herman;  W.  Denby;  B.  Col- 

linson;  C.  P.  Slocombe. 
ModeUing.-^Y.  M.  Miller. 

Lady  Superintendent  of  Female  Students. — AGss  Tmlock. 
Female  Teachers. — ^Mrs.  S.  E.  Casablanca;  Miss  Channon. 
Lecturer  on  Anatomy.— J.  Marshall,  F.B.S.,  F.B.C.S. 
Lecturer  on  Botany. — ^Christopher  Dresser,  Ph.  D.  Jena. 


BoTAL  School  of  Natal  Abchitegtubb  Aia>  Marine  Enoinesrino. 
Inspector-General  and  Director  of  Studies. — ^Ber.  Joseph  Woolley,  LL.D. 
Principal— C.  W.  Merrifield,  F.'B»S. 
Vice  Principal — ^Henry  Martyn  Taylor,  B.A.,  Fellow  of   Trinity  College, 

Cambridge. 
Instructor  in  rfavcd  Drawing. — W.  B.  Baskcomb. 
Instructor  in  Engineering  Drawing. — John  Maxton. 
Instructor  in  Marine  Engineering. — J.  F.  Cotterell. 
Instructor  in  Practicai  Chemistry. — John  Dayidson. 
Instructor  in  French. — ^M.  Penon. 
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Summary  of  the  Nature  and  Amount  of  Assistance 
afforded  by  the  Science  and  Art  Department  to 
the  Industrial  Classes  in  procuring  Instruction 
in  Science. 


ITmportaiU  AlteratUnu  made  sincg  the  last  edition  of  the  Directory  are 
printed  in  Italics.'] 

I.  A  sum  of  mone^  is  voted  annually  by  Parliament 
for  scientific  instruction  in  the  United  Kingdom. 

II.  This  sum  is  administered  by  the  Science  and 
Art  Department. 

III.  The  head  of  the  Education  Department,  of 
which  the  Science  and  Art  Department  is  a  branch, 
is  the  Lord  President  of  the  Council,  assisted  by  a 
member  of  the  Privy  Council,  who  is  called  the  Vice- 
President  of  the  Committee  on  Education,  and  who 
acts  under  the  direction  of  the  Lord  President,  and 
for  him  in  his  absence.  (Order  in  Council,  25th 
February  1856,  Act  19  &  20  Vict.  c.  116.) 

IV.  The  object  of  the  grant  is  to  promote  instruc- 
tion in  Science  especially  among  the  industrial 
classes,*  by  affording  a  limited  and  partial  aid  or 
stimulus  towards  the  founding  and  maintenance  of 
Science  schools  and  classes.f 

V.  The  payment  offees  by  the  students  |*^^*^^ 
can  be  looked  upon  as  the  only  solid  and   sSSente. 
suflBcient  basis  on  which  a  self-supporting 

system  can  be  established  and  supported.     Though 


*  Direct  payments  are  made  to  teachers  only  on  behalf  of 
adult  artisans,  or  the  children  of  artisans,  or  the  children  of 
persons  who  are  not  assessed  to  the  income  tax,  that  is,  who  do 
not  possess  an  income  of  100/.  a  year.     (See  §  xviii.) 

t  The  amount  is  liable  to  be  decreased  and  eventually  with- 
drawn. Payments  to  teachers  therefore  must  not  be  looked  upon 
as  perpetual,  or  in  any  way  conferring  on  the  teacher  a  claim  to 
any  payments  beyond  those  offered  for  each  current  year. 
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my  Lords  do  not  consider  it  necessary  at  present  to 
lay  down  any  rules  making  the  payment  of  fees  an 
absolute  condition  of  the  grants  on  account  of  Science 
instruction,  yet  as  the  payments  from  the  State  must 
be  expected  to  diminish,  and  as  aid  on  account  of 
those  persons  who  do  nothing  for  themselves  cannot 
be  justified,  Committees  of  schools  and  classes  and 
teachers  are  strongly  urged  (should  it  at  present 
not  be  the  practice)  at  once  to  impose  as  high  a  scale 
of  fees  as  they  consider  can  be  raided  not  only  on 
middle  class  students  hut  also  on  artisans. 

VI.  The  following  are  the  Sciences  towards  in- 
stiuctiou  in  which  aid  is  given : — 

Suhject  1,  Practical  Plane  and  Solid  Geo- 
metry. 

,,  2,  Machine  Construction  and  Drawing. 

y,  3,  Building  Construction  or  Naval 
Architecture  and  Drawing. 

„        4,  Elementary  Mathematics. 

„         5,  Higher  Mathematics. 

„  6,  Theoretical  Mechanics. 

„  7,  Applied  Mechanics. 

„         8,  Acoustics,  Light,  and  Heat. 

„  9,  Magnetism  and  Electricity. 

„  10,  Inorganic  Chemistry. 

„  11,  Organic  Chemistry. 

„  12,  Geology. 

„  13,  Mineralogy. 

„  14,  Animal  Physiology. 

„  15,  Zoology. 

„  16,  Vegetable  Physiology  and  Economic 
Botany. 

„  17,  Systematic  Botan3\ 

„  18,  Mining. 

„  19,  Metallurgy. 

„  20,  Navigation. 

„  21,  Nautical  Astronomy, 

„  22,  Steam. 

„  23,  Physical  Geography. 
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VII.  The  assistance  granted  by  the  Science  and 
Art  Department  is  in  the  form  of — 

1.  Payments  on  results  to  teachers.    (See  §  viii., 

XV.,  xviii.  to  XX.) 

2.  Grants  towards  the  purchase  of  apparatus,  &c. 

(See  §  xxii.) 

3.  Public  examinations  in  which  Queen's  Medals 

and  Queen's  Prizes  are  awarded,  held  at  all 
places  complying  with  certain  conditions. 
(See  §  xi.  to  xvii.)  On  the  results  of  these 
examinations  the  payments  are  made  to  the 
teachers.     (See  §  xv.,  xviii.,  and  xix.) 

VIII.  Persons  are  qualified  to  earn  payments  on 
results  who  have : — 

a.  obtained  certificates  as  teachers  in  any  of  the 
before-mentioned  sciences  at  the  examinations  for 
teachers  of  the  Science  and  Art  Department  held 
previous  to  January  1867,  or, 

b.  after  the  abolition  of  the  above  examinations 
—February  1867 — ^obtained  a  First  or  Second  Class 
at  the  examination*  specified  in  §  xi. 

No  payments  are  made  to  a  teacher  on  account  of 
instruction  given  in  subjects  in  which  he  is  not  so 
qualified. 

IX.  Suitable  premises,  with  firing,  light-  School  Pre- 
ing,  &c.,  must  be  found  and  maintained  ^^^^' 

at  the  cost  of  the  locality  where  the  school  or  class 
is  held.  If  at  any  time  the  funds  do  not  cover 
these  requisite  local  expenses,  it  must  be  inferred 
that  there  is  no  such  demand  as  the  Government  is 
justified  in  aiding,  for  instruction  in  the  locality ;  and 
the  assistance  of  the  Department  will  be  withdrawn. 

X.  A  Local   Committee  of  not  less  ^^^'""^ 
than  five  well  known  responsible  persons 

must  be  formed  in  connexion  with  every    Science 

*  Such  examination  will  be  dispensed  with  in  the  case  of  a 
candidate  who  has  taken  a  degree  at  any  University  of  the  United 
Kingdom,  or  who  has  obtained  the  Associateship  of  the  Royal 
School  of  Mines,  London,  or  the  Royal  College  of  Science, 
Ireland.  Full  particulars  must  be  furnished  by  the  applicant| 
and  his  diploma  sent  for  inspection. 
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Class,  who  will  <:arr7  oat  the  instractions  contained 
in  the  Appendix.*    (See  pages  14  and  18  to  22.) 

^^Jj^«»  XI.  The  Science  and  Art  Depart- 
ment holds  annually  in  May  (see  Science 
Form,  No.  232,  page  59*),  through  the  agency  of 
the  Local  Committees,  a  public  examination  of  all 
Science  schools  and  classes,  whether  taught  by 
teachers  qualified  as  above  or  not,  in  any  place 
in  the  United  Elingdom,  which  complies  with 
the  requisite  conditions.  (See  §  x.,  xiii.,  and  xiv.) 
On  the  results  of  this  examination  the  payments 
are  made  to  qualified  teachers.  (See  §  xv.  and 
xviii.)  Application  for  it  must  be  made  oefore  the 
end  of  March  in  each  year,  stating  the  number  of 
persons  and  the  subject  or  subjects  in  which  they 
are  to  be  examined.  The  form  of  application. 
Science  Form  No.  119  (see  page  22*),  \ml  be  sent 
on  application  to  the  Secretary,  Science  and  Art 
Department. 

In  addition  to  the  above,  examinations  in  Mathe- 
matics, Navigation,  Nautical  Astronomy,  Steam,  and 
Physical  Geography  are  held  for  the  benefit  of  sea- 
faring men — and  for  them  only — three  times  a  year 
in  aU  seaports  where  Local  Committees  are  formed 
and  ^re  willing  to  undertake  them.  These  ex- 
aminations take  place  in  the  beginning  of  March, 
September,  and  December.  The  application  for 
these  examinations  must  be  made  on  Science  Form 
No.  119  before  the  10th  day  of  the  previous  month. 
If  at  any  time  there  be  reason  to  stispect  the  jbir- 
ness  of  the  examination  generally y  or  of  the  way  in 
which  particular  candidates  have  worked  their  papers^ 
a  further  examination  tvill  take  place  in  such  manner 
as  may  be  deemed  most  advisable.  Refusal  on  the 
part  of  any  candidate  to  answer  will  entail  the  can- 
celling  of  his  previous  examination. 

^fo""***^"^       XII.  A  school  or  class  taught  by  a 

teacher  not  qualified  to  earn  payments 

as  above,  may,  by  applying  to  the  Secretary  of  the 

Science  and  Art  Department,  be  examined  at  the 

*",    '     '    ■    II      ■    I  ■  II    .- ....■.-    III.      I  I  I  ■■» 

*  Science  Directory. 
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same  time  and  in  the  same  maimer  as  the  classes 
under  qualified  teachers :  provided  that  a  Local  Com- 
mittee be  formed  which  complies  with  the  requisite 
conditions.  (  See  Appendix,  page  21,*  Science  Form, 
No.  88  a.) 

If  the  class  be  for  artisans  the  pupils  are  eligible 
to  receive  Queen's  Prizes  and  Queens  Medals  under 
the  same  condition  as  the  pupils  of  qualified  teachers. 
Should  it  however  be  for  the  middle  classes  the 
pupils  are  not  eligible  for  prizes  and  medals,  but  re- 
ceive certificates  of  merit  instead. 
XIII.  If  two  or  iQore  classes  in  the  same  ^^^.  ^^. 

.  .,1  •  VI        j«  ^  f   Exanunation. 

t9wn,  or  withm  a  reasonable  distance  of 
one  another,  apply  for  the  examination  of  the 
Science  and  Art  Department,  a  general  examination 
committee  must  be  formed  by  the  amalgamation  of 
the  several  Committees  to  carry  out  the  examinations 
at  some  common  centre,  such  as  the  town  hall  or  other 
public  building.  It  is  only  when  the  classes  consist 
of  50  or  more  candidates  that  such  amalgamation 
of  the  committees  will  not  at  present  be  insisted  on. 

XIV^  Any  persons  whatever,  whether  Examination 
taught  by  the  qualified  teacher  or  not,   students. 
may   present   themselves  at    the  Local 
Committee's  examination  on  registering  their  names 
in  time  for  the  Local  Committee  to  comply  with  the 
instructions,  and  paying  a  registration  fee  of  not  more 
than  2*.  6d.  each.     Arrangements  must  therefore  be 
made  by  the  Local  Committee,  or  the  General  Exami^ 
nation  Committee,  as  the  case  may  be,  to  enable  other 
candidates,  besides  the  students  in  the  class  for  which 
the  Committee  act,  to  present  themselves  at  this  ex- 
amination.   The  registration  fee  of  2^.  6rf.,  which  such 
candidates  may  be  required  to  pay,  is  to  reimburse 
the  Committee  for  any  extra  expenses  incurred  by 
such  attendance,  and  may  at  their  option  be  remitted. 

XV.  The  successful  candidates  at  the  ^^^^g^^jf *''' 
May  examination  and  the  quarterly  ex- 
aminations of  seamen  are  classified  under  the  heads 

*  Science  Directory. 
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of  first,  second,  third,  fourth,  and  fij^  class.  The 
standard  of  attainment  required  may  be  raised  from 
year  to  year.  For  the^^A  class  it  is  only  such  as  will 
justify  the  Examiner  in  reporting  that  the  instruction 
has  been  sound,  and  that  the  students  have  benefited 
by  it.  Those  who  have  attained  a  higher  degree  of 
proficiency  are  classed  as  4th,  3rd,  2nd,  or  1st  class, 
according  to  their  merit. 

PriS.*  ^^^'  "^^  *^^  ^^^  ^°^'  ^"^^  ^^^  ^^^ 

"**^  are  given   Queen's  prizes  consisting  of 

books  or  instruments  chosen  by  the  candidates  vtoxsi 

lists  furnished  for  that  purpose.   These  are  unlimited 

in  number,  and  are  open  to  all  candidates  who  come 

within  either  of  the  following  categories,  ( 1 )  Students 

in   Science  Classes  under  qualified  Teachers;    (2) 

Registered  Students  in  Artisan   Classes  taught   by 

any  Teachers,  or  (3)bon&fide  Artisans. 

Other  candidates,  if  successful,  receive  instead 
Cards  of  merit  recording  their  success. 

The  following  are  exceptions  to  the  above  rule : — 

a.  Teachers  eaining  or  who  have  earned  payments 
on  the  results  of  instruction ;  and 

6.  Students  who  have  previously  received  the  same, 
or  a  higher  class,  in  the  same  subject. 
— the  names  of  such  candidates  will  simply  be  re-- 
corded  in  the  published  lists. 
gw«^^»  XVII.  To  the  four  best  in  each  subject 

are  awarded  Queen's  medals.  These  con- 
sist of  one  gold,  one  silver,  and  two  bronze  in  each 
subject  for  competition  throughout  the  United  King- 
dom. They  are  only  awarded  if  there  are  a  sufficient 
number  of  qualified  candidates,  and  the  gold  medal 
will  only  be  given  in  cases  of  high  merit  specially 
recommended  by  the  examiner.  The  same  candidate 
cannot  obtain  the  same  medal  in  the  same  subject 
more  than  once. 

Only  registered  students  of  schools  and  classes 
under  Local  Committees  (see  §  x.  and  xii.)  are 
eligible  for  medals.  Thej^  cannot  be  taken  by  middle 
class  students  who  are  more  than  17  years  of  age 
or  by  teachers   who  are  earning  or  have  earned 
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payments  on  the  results  of  instruction.  Students 
who  but  for  this  restriction  would  have  taken  the 
medal,  will  receive  an  honorary  certificate  instead. 
Should  a  student  take  more  than  one  gold,  silver,  or 
bronze  medal,  he  will  receive  books  instead  of  a 
second  medal. 

XVIII.  Payments  arc  made  to  the  ^^^^^^ 
teacher  qualified  as  in  §  viii.  on  account  of  ^^  ^"* 
the  instruction  of  students  of  the  Artisan  Classes  (for 
dejinition  of  Artisan  Class  see  Science  Form  No.  51, 
page  23)  in  the  manner  specified  below : — provided 
that  the  student  has  received  25  lessons  *  at  least 
from  the  teacher  in  each  subject  in  which  he  claims 
payment  since  the  last  examination,  each  lesson 
being  an  attendance  at  a  meeting  of  the  school  of 
at  least  three-quarters  of  an  hour's  duration  on  a 
separate  evening.  The  25  lessons  need  not  neces- 
sarily be  all  given  in  one  year,  but  may  e:2Uend  over 
a  longer  period. 

XIX.  U.,  2/.,  3/.,  4/.,  5/.  are  the  claimable  pay- 
ments for  each  student  in  each  subject,  according  to 
the  class  in  which  he  passes,  but  these  amounts  may 
be  reduced  in  the  following  ways : 

1st.  If  the  student  has  been  previously  successful 
in  the  same  subject,  such  payments  are  reduced  by 
the  normal  payment  which  was  claimable  on  such 
previous  success  ;  for  instance,  the  4/.  payment  for  a 
second  class  would,  if  the  student  had  previously 
taken  a  fourth  class,  be  reduced  by  2/.f 

2nd.  If  a  student  be  successful  in  more  than  one 
subject  at  an  examination,  the  payments  on  account 
of  such  further  subjects  are  reduced  by  one  half. 

♦  It  must  be  clearly  understood  that  the  number  (25)  of  lessons 
which  the  teacher  is  required  to  give  is  the  minimum  fixed  as  a 
criterion  that  the  pupil  has  received  his  instruction  from  the 
teacher.  It  is  not  meant  in  any  way  to  specify  that  that  amount 
of  instruction  is  sufficient,  or  to  guarantee  the  teacher's  receiving 
payment,  if  that  amount  of  instruction  alone  is  given. 

f  Deductions  will  be  made  in  payments  on  account  of  Sub- 
ject I.  to  the  amount  of  any  payments  that  have  been  made  on 
Second  Grade  Examinations  in  Art,  in  practical  geometry,  per-^ 
spective  or  mechanical  drawing. 
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3rd.  When  on  this  scale  they  would  amount  to 
more  than  60/.  the  excess  up  to  40/.  is  diminished  by 
one  quarter,  the  excess  above  40/.  by  one  half.  Thus 
payments  which  on  the  above  scale  would  be  100/.  and 
150/.  will  be  reduced  to  90/-  and  115/.  respectively.  * 
If  the  teacher  be  instructing  classes  three  miles  or 
more  apart  this  deduction  will  be  reduced  by  the 
amount  of  his  travelling  expenses. 
^™o^^^  XX.  The  claim  of  a  teacher  for  the 
or  ayment  payujents  under  these  several  heads  is 
made  on  Science  Form,  No.  51,  which  will  be  seirt 
on  application.  The  voucher  must  be  signed  by 
the  secretary  and  two  members  of  the  Committee 
of  the  Science  Class  or  School;  or  by  at  least  three 
of  the  Committee.  (See  Appendix,  page  23.) 
^^?«J_  XXI.  A  school  register  must  be  kept 

^^**^'  in  each  subject  on  a  Form  which  will  be 
supplied  en  application.  This  must  be  made  up  from 
day  to  day,  and  will  be  examined  and  approved  by 
the  Inspector  on  his  visit.  It  must  be  sent  to  the 
Department  with  the  teacher's  claim  for  payment, 
and  no  payment  can  be  made  unless  it  is  properly 
kept. 
Grants  for  XXII.  A  grant  towards  the  purchase  of 

ppaiatus.  apparatus,  diagrams,  &c.,  of  50  per  cent, 
on  the  cost  of  them,  is  made  to  Science  Schools  and 
Classes  in  Mechanics'  and  similar  institutions  with  a 
properly  constituted  Committee  (see  §  x.)  A  re- 
quisition must  in  these  cases  be  made  on  Science 
Form  No.  49.  (See  page  29.) 
Tn8|nctioiim  XXIII.  All  payments  to  qualified 
^hoor*°  ^  teachers  on  account  of  Science  teaching 
are  made  by  the  Science  and  Art  De- 
partment, and  are  only  made  in  respect  of  a 
school  in  connexion  with  the  Science  and  Art  De- 
partment. No  such  payments  are  made  in  respect 
of  any  instraction  in   Science   that  may  be   given 

*  Thup,  100,  that  is  60+40,  is  reduced  to  60+40— ^  of  40 
=  60+30=90.  150,  that  is,  60+40+50  is  reduced  to 
60+30+25=115. 
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during   the    three    attendances   of   an  Elementary 
School  receiving  aid  from  the  Education  Department, 
Whitehall. 
Use  of  XXIV.  These  grants  are  only  made 

Elementary  i  -i        i  t  •         •    •  •      "^ 

School  while  the  teacher  is  givmg    instruction 

Premises.  jn  a  day  or  evening  school  or  class 
for  the  industrial  classes  (adults  or 
boys),  approved  by  the  Science  and  Art  Depart- 
ment, and  open  at  any  time  to  the  visit  and  in- 
spection of  its  officers.  The  Managers  of  an 
Elementary  School  under  the  inspection  of  the 
Education  Department  can  permit  their  premises  to 
be  used  for  Science  teaching,  provided  that  no  in- 
terference be  allowed  with  the  primary  purposes  of 
such  Elementary  School,  or  in  any  way  with  the 
three  attendances  of  the  Elementary  School. 

N.B. — On  the  next  page  will  be  found  a  table  of 
memoranda  for  the  use  of  Secretaries  and  Mem- 
bers of  Science  Committees  (Science  Form^ 
No.  170)  which  it  is  expected  will  be  carefully 
attended  to.  This,  as  well  as  the  other  Forms 
given  in  the  Directory,  can  be  had  on  appli- 
cation to  the  Secretary,  Science  and  Art 
Department. 


«  « 


The  Directory  for  Science  Schools  and  Classes 
is  sold  by  Messrs.  Chapman  and  Hally  193, 
Piccadilly  y  London^  or  may  be  obtained  from  the 
Secretary^  Sden^  and  Art  Department^  by 
enclosing  six  pdstage  stamps. 
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APPENDIX. 


SCIENCE  FORM,  No.  170. 

MEMORANDA   FOR   THE    USE   OF    SECRETARIES    AND 
MEMBERS  OF  SCIENCE  COMMITTEES. 
Dates. 

Immediately  on  the 

re-assembling  of 

the  class  after  the 

summer  vacation 
Constantly  -    -    - 


Before  31st  March 
Before  24th  April - 
On  the  27th  April 


During   the    May 
examinations. 


On  the  evening  of 
examination. ' 


After  the  May  ex- 
aminations. 


Formation  of  Committee,  Form  No.  88.  Or  con* 
tinuation  of  Committee,  Form  No.  168. 

To  carefully  fill  in  and  send  to  the  Department 
Form  No.  120. 

To  visit  the  School  and  see  that  the  Register  is 
kept  from  day  to  day,  and  that  everything  is 
regular. 

To  send  Form  No.  119  applying  for  examination  in 
May. 

To  see  that  Form  No.  91  is  hung  up  in  the  School- 
room. 

If  a  parcel  containing  (1)  the  i)aper8  for  the  candi- 
dates to  work  upon,  (2)  copies  of  Form  No.  91, 
one  for  each  day^s  examination,  aud  (3)  envelopes 
in  which  to  return  the  worked  papers,  should  not 
have  been  received,  or  if  there  should  be  any 
mistake  in  the  numbers  sent  for  each  subject  as 
applied  for,  or  in  the  covering  letter,  to  conununi- 
cate  at  once  to  the  Department. 

The  examination  papers  for  each  evening  will  leave 
London  by  the  night  mail  two  evenings  before, 
i.e,,  Thursday  evening  papers  will  leave  on  Tues- 
day evening,  Friday's  on  Wednesday  evening, 
etc.  Should  they  not  arrive  accordmgly,  a  tele- 
gram to  be  sent  at  once  to  the  Department. 

The  candidates,  being  all  seated  at  6.50,  to  read 
out  the  rules  on  Form  No.  91,  then  give  out  the 
papers  to  be  worked  on.  Then  at  6.55  to  break 
the  seal  of  the  examination  papers  and  distribute 
to  the  candidates.  To  adhere  ri^dly  to  the  roles 
on  Form  No.  91.  To  sign  Form  No!  91.  To 
seal  up  the  papers  in  ouq  of  the  envelopes  pro- 
vided and  at  once  post  them. 

On  receiving  list^  of  the  results  to  give  one  copy 
to  each  candidate  whose  name  appears  in  it  as 
being  successful;  to  inform  the  otners  they  have 
failed. 

To  return  Form  No.  161  filled  up  as  soon  as  pos- 
sible in  strict  accordance  with  the  rules  on  Form 
No.  110.  (Prize  list).  To  return  Form  No.  244a. 
To  examine  and  certify  Teacher's  claims  for  pay- 
ment, Form  No.  51,  and  the  School  Register, 
which  must  be  sent  up  at  the  same  time.  To 
return  Form  No.  108. 

To  keep  a  record  of,  and  inform  the  Depftrtment 
of  the  number  of  individuals  examined. 
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EXHIBITIONS  AND  FREE  ADMISSIONS  AT  THE  ROYAL 
SCHOOL  OF  MINES,  LONDON. 

Royal  Exhibitions. 

1.  There  are  eight  Royal  Exhibitions  to  the  Royal  School  of  Mines, 
Jermyn  Street,  of  the  value  of  50/.  per  annum,  entitling  the  holders  to 
free  admissions  to  all  the  lectures,  and  to  the  Chemical  and  Metallurgical 
Laboratories  at  the  Royal  School  of  Mines,  to  be  held  from  year  to  year 
for  three  years,  on  the  condition  that  the  holder  attends  the  lectures 
regularly  during  those  years,  and  passes  the  examinations  required  for 
the  associateship  of  the  School. 

At  the  May  1868  examination  three  of  the  above  Royal  Exhibitions 
will  be  open  for  competition  independently  of  the  prizes,  &c.  offered  by 
the  Science  and  Art  Department. 

All  persons  over  21  years  of  age,  excepting  artisans,  and  such  as  come 
within  the  categoiy  of  persons  paid  upon  under  the  Science  Directory, 
will  be  excluded  nrom  competing  for  the  Royal  Exhibitions.  Special 
cases,  however,  must  be  determined  according  to  the  spirit  of  the  rules, 
and  the  object  of  the  endowment. 

The  competition  for  the  Royal  Exhibitions  will  be  determined  by 
affixing  the  following  values  to  the  several  results  of  the  May  examina« 
tion  (see  Science  Directory),  viz. : — 


To  a  1st  grade  in  any  subject 

. 

-   9  marks. 

Toa2ad   „ 

>f 

- 

■   7     „ 

To  a  3rd    „ 

,, 

. 

-   6     .. 

Toa4th    „ 

M 

. 

-    8     „ 

To  a  6th    „ 

U 

- 

-   1     ,. 

and  in  addition — 

For  a  gold  medal 

tl 

■ 

■ 

•  10     „ 

For  a  silver  medal 

»» 

-        ■ 

- 

-    7     .. 

For  a  bronze  medal 

M 

-      " 

. 

-    6      „ 

N.B.-~Scienco  Oertificated  Teachers  may  compete  for  the  Boyal  Exhibitions.  When 
coming  up  simply  with  this  object,  they  should  inform  the  Science  and  Art  Department, 
so  that  their  names  may  not  appear  in  the  published  list  with  the  students. 

Free  Admissions. 

2.  Free  admissions  to  the  lectures  at  the  Royal  School  of  Mines, 
Jermyn  Street,  are  granted  to  any  person  who  takes  a  gold  medal  in  the 
May  examination.* 

But  no  candidate  will  be  allowed  to  take  a  Scholarship  who  has  not 
obtuned  at  least  a  3rd  class  in  Elementary  Mathematics. 
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EXHIBITIONS  AND  FREE  ADMISSIONS  AT  THE  ROYAL 
COLLEGE  OF  SCIENCE,  DUBLIN. 

Royal  Exhibitions. 

1.  There  are  nine  Royal  Exhibitioiis  to  the  Government  School  of 
Science,  Dublin,  of  the  value  of  50/.  per  annum,  entitling  the  holders  to 
free  admission  to  all  the  lectures  and  to  the  chemical  and  metallurgical 
laboratories  at  the  Royal  College  of  Science,  Dubhn,  to  be  held  from 

•  year  to  year  for  three  vears,  on  the  condition  that  the  holder  attends 
the  lectures  regularl^r  during  those  years,  and  passes  the  examinations 
required  for  the  associateship  of  the  college. 

At  the  May  1868  Examination  three  of  the  above  Royal  Exhibitions 
will  be  open  for  competition,  independently  of  the  prizes,  &c.  offered  by 
the  Science  and  Art  Department. 

All  persons  over  21  years  of  age,  excepting  artisans  and  such  as  come 
within  the  category  of  persons  paid  upon  under  the  Science  Directory, 
will  be  excluded  from  competing  for  the  Royal  Exhibitions.  Special 
cases,  however,  must  be  determined  according  to  the  spirit  of  the  niles, 
and  tiie  object  of  the  endowment. 

The  competition  for  the  Royal  Exhibitions  wiU  be  determined  by 
affixing  the  following  values  to  the  several  results  of  the  May  Examina- 
tion (see  Science  Directory),  viz. : — 

To  a  1st  grade  in  any  subject  -  -  -   9  marks. 

To  a  2nd     »  „  -  -  -    7       „ 

ToaSrd     „       '     „  -  -  -   6      „ 

To  a  4th      M  M  -  -  -    S       M 

Toa6th»  „  -'  -  -1„ 

and  in  addition — 

For  a  gold  medal,.   „  .     -  .     •  -  10  « 

For  a  silver  medal  «  -  -  -  7  ,» 

For  a  bronze  medal,  w  -  •  •  S  „ 

NJB.— Science  CertiAcated  Teachers  mi^  compete  for  the  Boyal  Exhibitions.  When 
oominff  up  comply  with  this  object  they  should  inlbrm  the  Science  and  Art  Department, 
so  that  their  names  may  not  appear  in  the  published  list  with  the  students. 

Free  Admissions. 

2.  Free  admissions  to  the  lectures  at  the  Royal  College  of  Science, 
Duhlin,  are  granted  to  any  person  who  takes  a  gold  meaal  in  the  May 
Examination. 

But  no  candidate  will  he  allowed  to  take  a  Soholanhip  who  has  iKft 
obtained  at  least  a  Srd  dass  in  Elementary  Mathematics. 
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Form  of  Application  for  the  Royal  Exhibitions  to  the  Royal 
School  of  Mines,  Jermvn  Street,  London,  and  the  Royal 
College  op  Science,  Dublin. 

The  following  candidates  at  the  recent  May  Examinations  are  candi- 
dates for  the  Royal  Exhibitions  at  the* 


and  they  are  either— 

1.  Under  21  years  of  age. 

2.  Or  artisans  or  operatives  in  the  receipt  of  weekly  wages,  supporting 

themselves  by  their  own  manual  labour,  or  their  children  not 
earning  their  own  livelihood. 

3.  Or,  although  not  artisans,  yet  such  as  may  fairly  be  considered  as 

belonging  to  the  industrial  classes,  as  coming  within  one  of  the 
following  categories,  or  being  the  children  of  such. 

a.  Though  paid  at  longer  intervals  than  a  week,  still  supportinor 
himself  by  his  own  manual  labour  and  not  by  profit  on  the  labour 
of  others,  that  is,  not  employing  apprentices,  journeymen,  etc. 

b.  Though  not  supporting  himself  by  manual  labour,  yet  being 
of  the  same  means  and  social  level  as  those  who  do  so,  (such  as 
shopkeepers  who  have  only  petty  stocks  and  employ  no  one  but 
members  of  their  own  family,)  policemen,  coast-guards,  etc. 

c.  Though  not  supporting  himself  by  manual  labour,  yet  such 
as  it  would  be  unreasonable  to  expect  to  pay  the  fee  of  middle 
class  students,  as  some  descriptions  of  clerks,  shopmen,  etc.,  and 
we  certify  that  they  or — ^in  case  they  are  not  earning  their  own 
livelihood — ^their  fathers  are  not  assessed  to  the  income  tax. 

4.  That  they  are  entitled  to  be  considered  as  a  special  case  on  the 

following  grounds : — 


,  We  hereby  certify  that  the  above  particulars  are  correct. 

Chairman  or  Secretary, f 

{Two   members  qf  the 
Committccf 

*  After  each  name  must  be  stated  all  the  successes  of  the  candidate  at  the 
May  Examinations  and  tbe  category  under  which  he  claims. 

t  Should  the  candidate  not  have  been  a  student  in  any  Science  School  or 
Class  under  a  regular  constituted  Committee,  this  voucher  rnu^t  be  certified 
by  three  householders  whose  occupation  and  address  must  be  given  in  full. 
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SCIENCE  FOBM,  No.  88. 


LOCAL  COMMITTEES  FOR  SCIENCE  SCHOOLS 
AND  CLASSES. 

1.  A  Local  Committee  of  not  less  than  five  well-known  responsible 
persons  must  be  formed  in  connexion  with  every  Science  class,  m  order 
to  comply  with  the  necessary  requirements  of  the  Science  and  Art  De- 
partment, and  to  carry  out  various  arrangements  on  its  behalf  necessary 
for  testing  the  efficiency  of  the  science  instruction,  on  the  proof  of  which 
alone  the  aid  of  the  Department  is  given. 

2.  The  gentlemen  proposed  to  act  on  this  Committee  are  to  fill  in  the 
form  on  the  next  page,  stating  their  willingness  to  cany  ont  the 
necessaiy  arrangement  for  examinations,  &c.,  and  giving  the  address 
and  occupation  of  each  member. 

3.  The  relation  of  the  Committee  to  the  teacher  of  a  Science  school  or 
class  will  vary  much  according  to  the  varying  circumstances  of  different 
localities.  In  some  places  where  the  demand  for  science  instruction  is 
great,  and  there  is  an  energetic  local  teacher  to  take  advantage  of  it,  the 
chief  duty  of  the  Local  Committee  may  be  to  give  the  teacher  the 
necessary  vouchers  for  obtaining  his  payments.  While  in  other  places, 
where  tliose  who  take  an  interest  in  and  wish  to  further  science  instruc- 
tion may,  with  that  object,  subscribe  to  and  establish  scientific  classes 
either  in  connexion  with  an  existing  institution  or  not,  and  may  engage 
a  teacher  certificated  in  science  to  instruct  the  classes,  the  teacher  must, 
to  a  great  extent,  be  the  paid  officer  of  the  Committee.  With  these  local 
arrangements  the  Science  and  Art  Department  does  not  interfere,  but 
leaves  them  to  the  locality  to  settle.  The  local  circumstances  will  de  - 
termine  whether,  as  in  the  first  case,  the  master  receiving  the  whole  of 
the  fees  for  instruction  should  provide  at  his  risk  the  room  for  instruc- 
tion, with  the  necessary  firing,  lighting,  &c.,  or  what,  as  in  the  second 
case,  should  be  the  proportion  of  the  fees  deducted  on  this  account  by  th  e 
Committee. 

4.  The  Science  and  Art  Department  requires  that  the  Local  Committee 
shall— 

a.  Be  responsible  for  the  safe  custody  of  all  apparatus  towards  the 
purchase  of  which  the  Department  has  paid  50  per  cent. 

b.  That  they  shall  provide  a  room  or  rooms  of  sufficient  size  to  cany 
out  the  annual  examination  according  to  the  detailed  regulations 
under  that  head.  This  examination  is  of  all  persons  who  wish  to 
present  themselves,  and  not  only  of  those  taught  by  the  certifi- 
cated teacher ;  but  those  persons  who  are  not  taught  by  the  certi- 
ficated teacher  must  send  in  their  names  before  the  1st  March,  and 
may  be  required  to  pay  a  registration  fee  of  2^.  6d.  for  the  whole 
examination. 

c.  That  a  school  register,  showing,  the  attendance,  number  of 
lessons,  payment  of  fees,  &c.,  on  an  approved  form,  be  kept 
properly  filled  up,  and  sent  to  the  Science  and  Art  Department 
when  required. 

d»  That  they  shall  send  in  to  the  Secretary  of  the  Science  and  Ark 
Department  the  list  of  students  to  be  examined,  before  the  end  of 
March,  specifying  the  subjects  in  which  they  are  to  be  examined. 
That  they  shall  be  responsible  for  conducting  and  superintending 
the  examination :  giving  out  the  examination  papers  which  will  be 
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aent  for  that  purpose :  seeing  them  worked  fairly  and  certifying 
to  the  same,  not  less  than  tmree  of  the  Committee  being  always 
present :  and  sending  the  worked  papers,  under  seal,  by  the  day's 
post  to  the  Secretary  of  the  Science  and  Art  Department. 
e.  That  they  shall  certify,  firstly,  that  those  students  on  whose  ex- 
amination the  teacher  bases  his  claim  to  payments  on  results,  are 
artisans  or  operatives,  or  their  children,  or  can  claim  as  such  (see 
Science  Form,  No.  61)  ;  and,  secondly,  that  they  have  received  25 
lessons  at  least  from  the  teacher  in  the  year  or  since  the  last  exami- 
nation, on  their  passing  at  which  payment  was  claimed  on  their 
accoimt. 

5.  The  Science  school  or  class  must  be  at  all  times  open  to  the  visit 
and  inspection  of  the  officers  of  the  Science  and  Art  Department  as  a 
condition  to  the  grant  of  aid  from  it;  if  at  anv  time  it  is  found  that  the 
apparatus,  &c.,  towards  the  purchase  of  which  a  grant  has  been  made  is 
not  properly  taken  care  of,  or  that  a  proper  room  with  firing,  lighting,  &c., 
is  not  provided  for  the  class,  the  aid  of  the  Department  will  be  with- 
drawn. 

Note.— As  it  is  to  the  Committee  that  the  Department  looks  to  carry  out  the 
peat  proportion  of  the  duties  of  the  school,  as  many  as  i>ossible  of  the  mem- 
bers of  the  Committee  should  attend  on  the  inspector's  visit. 


FoBM  of  Application  to  act  as  a  Committeb  for  a  Science  School  or  Class. 

We  the  undersigned. 

If.  The  Committee  shall  be  composed  entirely  of  well-known  responsible  persons 
of  position  who  are  quite  independent  of  the  school  or  class^  and  who  nave  no 
such  personal  interest  in  it  as  can  lay  them  open  to  the  sfightest  suspicion  of 
partiality ;  and  of  course  no  member  should  be  connected  with  the  Teacher, 
nave  any  pupils  for  examination,  or  be  a  pupil  himself. 

ff.  It  is  veiy  desirable  that  as  many  persons  as  possible  in  recognised  positions  of 
public  responsibility  in  the  district,  such  as  Ma^trates,  Municipal  Autho- 
rities (Mayor.  Aldermen,  or  Town  CouncillorsK  Heads  of  Educational  Estab- 
lishments (Trustees  of  Grammar  Schools,  Managers  of  National  Schools), 
Clergymen,  &c.,  should  be  on  the  Committee. 

h:  It  is  absolutely  necessary  that  at  least  two  such  responsible  persons  should 
agree  to  act. 

i.  The  Committee  must  consist  of  a  (Chairman,  Secretary,  and  at  least  three  other 
Members. 

*.  The  Chairman  must  be  a  Magistrate,  Mayor,  Boroughreeve,  Provost,  or  Alder- 
man, or  other  public  officer  of  recognized  position.  Trustee  of  Grammar 
School,  or  Clergyman  of  the  Established  Church  in  parochial  employment. 

I.  Gnie  Chairman  of  the  Committee  will  Inform  My  Lords  aa  to  the  constitution  of 
the  Committee  being  in  accordance  with  these  requirements. 

m.  The  Secretary  of  the  Committee  of  the  Science  School  or  Class,  as  being  the 
medium  of  communication,  will  carry  on  all  correspondence  with  the  Smeuce 
and  Art  Department,  and  is  held  responsible  for  makmg  out  and  sending  all 
returns  required,  for  the  receipt  and  distribution  of  the  examination  papers, 
the  transmission  of  the  worked  papers,  &c.,  at  the  proper  times  according  to 
the  regulations ;  and  in  conspqiipnre  .of  the  necessary  demands  on  his  time 
and  trouble  My  Lords  have  sanctioned,  provisionally,  the  payment  to  him 
of  the  following  fees  -.—ll.  annually  for  furnishing  the  returns,  Ac.  specified  on 
Science  Form,  I^o.  170,  connected  with  any  Science  school  or  class,  and  11.  in 
addition  for  each  day's  examination  held  by  the  Committee  to  which  he  is 
Secretary.  The  Secretary  must  be  a  member  of  the  Committee ;  the  require- 
ments in  par.  1  apply  equally  to  him. 

n.  This  form  is  to  be  filled  in  and  returned  to  the  Department  annually  before  the 
16th  December,  except  in  the  case  of  new  schools  or  classes,  when  it  should 
be  made  as  soon  as  they  are  formed.] 

propose   to    act  as  the    Local  Committee  for  the  Science  Class  held  at 
and  taught  by ;; . 
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We  undertake  for  the  year  at  least,  and  fbrther  till  another  Cooimittee 

Batisfactory  to  the  Science  and  Art  Department  has  heen  ^ipointed, 

1.  To  be  responsible  for  the  safe  custody  6f  all  the  Apparatus,  Dia- 
grams, &c.,  towards  the  purchase  of  which  the  Department  has  in  any 
way  contribnted. 

2.  That  three  or  more  of  our  number  will  be  ready  at  the  appointed  time 
to  be  present  at,  and  superintend,  the  examinations  of  the  Science 
Class  according  to  the  instructions  of  the  Science  and  Art  Depart- 
ment, and  give  the  teacher  the  necessary  vouchers. 

3.  That  a  room  or  rooms  shall  be  provided  for  the  due  carrying  out  of 
such  examination,  according  to  the  rules  of  the  Department,  providing 
sufficient  space  for  the  examination,  not  only  of  all  persons  taught  by 
the  certificated  teacher,  but  of  all  others  who  may  wish  to  attend  the 
examination. 

(A  fee  of  not  more  than  2«.  6d,  may  bo  charged  on  each  applicant  for 
examination  who  is  not  a  student  in  the  class,  to  reimburse  the  Committee  in 
any  extra  expenses  they  may  be  put  to  in  providing  a  room). 

4.  That  the  School  or  Class  shall  be  open  at  any  time  to  the  visit  and 
inspection  of  the  Officers  of  the  Science  and  Art  Department. 


SlOlTATUBE. 

Addbess. 

Oocupafcion,  speciaUy  stating 

how  fulfilling  the  conditions 

of  **  g.'*  ana  **  A."  above. 

Chairman, 

I  certify  that  this  Committee  complies  with  the  requirements  of  the  roles 
/>  9t  K  h  and  A. 


Chairman, 

The  Secretary, 

Science  and  Art  Department. 

This  form  maybe  had  on  appHcation  to  the  Secretary,  Science  and  Art 
Department,  South  Kensington, 


SCIENCE  FORM,  No.  168. 

Where  the  same  Committee  proposes  to  act  again  it  will  not  be  neces- 
sary to  re-sign  the  above.  No.  88,  but  only  to  hold  a  meeting  and  fill  up 
this  form^  No.  168,  which  maybe  had  on  application. 
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SCIENCE  FORM,  No.  S8  a, 

I 

LOCAL  COMMITTEES  FOR  SCIENCE  SCHOOLS  AND  CLASSES 
NOT  RECEIVING  AID  FROM  BUT  EXAMINED  BY  THE 
SCIENCE  AND  ART  DEPARTMENT. 

This  Form  is  a  modification  of  the  previous,  No.  88.,  and  may  be  had  on 
application  to  the  Secretary,  Science  and  Art  Department,  South  Kensiogton. 


SCIENCE  FORM,  No.  120. 


SCIENCE  CLASSES  UNDER  CERTIFICATED  TEACHERS. 

Annual  Repobt  of  Science  School  or  Class, 
To  be  made  on  its  establishment,  and  annually  (immediately  on  the  re-assem- 
bling of  the  class  after  the  summer  vacation)  of  its  continuation. 

Name  of  Town ^ 

Place,  as  Mechanics'  Institution,  &c.,  in  which  the  Classes  are  held 

Name  of  Street,  No.,  3tc. ^ ' 

Name  of  Teacher  pr  Teachers , ^ 

Their  private  addresses , 


Total  No.  of  individual  Students^ 


(If  a  student  attends  two  or  more  classes  he  must  only  be  counted  as  one  student.) 


Classes  in 
(state  subject). 


Fees. 


No.  of 
Students. 


Days  on  which 
tney  meet. 


Hours  of 
Meeting. 


Period  of  the  Year 

during  which 
the  Glasses  continue. 


Names  ov  Sbcbetabt  and  Membebs  ov  the  Cohiuttee. 

(The  undertaking  on  Science  Form,  No.  88,  is  for  the  year  at  least,  and  further  till 
•another  Committee  satisfactoiy  to  the  Science  and  Art  Department  has  been  appointed. 
This  Form.  No.  SB,  must  therefore  be  filled  in  and  sent  to  the  Department  annually 
when  the  class  recommences,  except  in  those  cases  in  which  the  whole  of  the  Committee, 
wishing  to  continue,  formally  authorize  the  Chairman  and  Secretary  to  report  to  that 
effect.  It  will  then  only  be  necessary  for  new  members  to  tign  the  form  undertaking  to 
perform  the  various  dutlesJ 
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SGIENOE  FOBM,  No.  51. 

scamsfCB  and  art  department  of  the  committeb  of 

COUNCaDL  ON  EDUCATION,  SOUTH  KENSINGTON. 


Application  fnm_ 


Science  Teacher  in 


School  or  Institution  at^ 


Jot  payment. 


On  behalf  of  the  Committee  of  Management  of  this  School,  We  do  hereby 
certify ; — 


(1).  That  Mr.. 


_has  duly  performed  the  various  duties 


devolying  upon  him  as  a  Science  Teacher  in  the  School,  during  the 

ending day  of 186    . 

(2).  That  he  has  given  the  following  Students  at  least  25  lessons  during 
the  year,  or  since  the  last  examination  at  which  payment  was  claimed 
on  their  account,  in  each  subject  for  which  payment  is  claimed. 
(3).  That  the  under-mentioned  students  are  artizans  or  operatives  *  in  the 
receipt  of  weekly  wa^es,  supporting  themselves  by  their  own  manual 
labour-,  or  their  children  not  earning  their  own  livelihood. 

Secretary. 

"I  Two  mem- 

y     bers  of 
J  Committee, 


I  hereby  certify  that  the  following  particulars  are  correct 


-Teacher. 


Names  of  fassed  Aetizan  or  Opxsatife  Students.* 

N.B.— The  names  of  the  students  must  be  arranged  alphabetically.  After  each  stu- 
dent's name  must  be  placed  his  several  successes  (if  he  has  more  than  one) ;  and 
in  the  last  column  the  amount  claimed  on  each  success  after  making  the  proper 
deductions. 


gumome. 

Christian 

Name  in 

full. 

1 

Trade,  or 

father's  trade. 

(State  which 

is  given). 

Position  at 

the  late 
Examination. 

Highest  Position 

in  same  Subject 

at  any  previous 

Examination. 

Pay. 

ment 

Subjoct.  \  Grade. 

claimed. 

&c. 

*  Should  the  Teacher  have  instructed  any  Students  who  may  fairly  be  considered  to 
belong  to  the  industrial  classes,  but  whose  wa^s  are  paid  at  longer  intervals  than  » 
week,  or  who  do  not  support  themselves  b^  their  own  manual  labour,  the  claims  on 
their  account  must  be  made  by  the  Committee  of  the  school  on  the  form  on  page  8, 
when  they  will  be  considered  on  their  merits. 
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On  behalf  of  the  Committee  of  the  School,  We,  the  undersigned,  beg  leaye 

to  recommend  that  the  Teacher,  Mr be  allowed  to 

claim  the  allowances  on  the  following  students,  whom  we  consider  may  ^iiiy 
be  taken  as  belonging  to  the  indastrial  classes,  as  coming  within  one  of  the 
following  categories,  or  being  the  children  of  sach. 

a.  Though  paid  at  longer  intervals  than  a  week,  still  supporting  himself  by 

his  own  manual  labour  and  not  by  profit  on  the  labour  of  others,  that 
is  not  employing  apprentices,  journeymen,  &c. 

b.  Though  not  supporting  himself  by  manual  labour,  yet  being  of  the  same 

tneatu  and  social  level  as  those  who  do  so  such  as  shopkeepers  (who 
have  only  petty  stocks  and  employ  no  one  but  members  of  their  own 
family),  policemen,  coast-guards,  &c. 

c.  Though  not  supporting  himself  by  manual  labour,  yet  such  as  it  would 

be  unreasonable  to  expect  to  pay  the  fee  of  middle  class  students,  as 
some  deicriptions  of  clerks,  shopmen,  &c. 
We  certify  to  the  best  of  our  belief-— 
(1).  lliat  he  has  given  them  (25)  lessons  at  least  daring  the  year,  or  since 
the  last  examination  at  which  payment  was  claimed' on  then*  account, 
in  each  subject  for  which  payment  is  claimed. 

That  they,  or — in  case  they  are  not  earning  their  own  livelihood — their 
fathers  are  not  assessed  to  ihe  income  tax. 

That  the  following  particulars  on  which  the  Teacher  grounds  his 
application  are  correct. 

Secretary. 

"I  Two  mem- 

I     hers  of 

J  Committee. 

-Teacher. 


(2). 
(3). 


I  hereby  certify  that  the  following  particulars  are  correct. 


Names  of  Passed  Students  cLAotma  ab  IsnvaTwuAi*  Classes* 

K.B.— The  names  of  the  students  must  be  arranfced  alphabetically.  After  each  student's 
name  must  be  placed  his  several  successes  (if  he  nas  more  than  one) ;  and  in  the  last 
column  the  amount  claimed  on  each  success  with  the  proper  deductions. 
Under  the  names  qf  students  in  category  **e*'  a  line  must  be  drawn. 


Bumame. 

Christian 

Name  in 

fuU. 

Trade,  or 
father's  trade. 
(State  which 

is  given). 

Position  at 

the  late 

Examination. 

Highest  Position 
in  same  subject 
at  any  previous 

bo 

Hi 

pay- 
ment 
claimed. 

Subject.  1    Grade. 

&c. 

The  Secretary, 

Science  and  Art  Department 


(The  following  particulars  will  be  filled  up  at  South  Kensington.) 
Examined  and  found  correct  to  the  extent  of 


ApproTcd_ 


^day  of_ 
_day  of_ 


.186 
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[SPBCIMKN.] 

Scienoe  Form,  No.  51. 
South  Kensington,  July  1865. 

SCIENCE  AND   ART   DEPARTMENT   OF  THE  COMMITTEE  OF 
COUNCIL  ON  EDUCATION,  SOUTH  KENSINGTON. 

Application  from  John  Smith,  Science  Teacher  in  the  Science  School 
or  Institution  at  Midhwrtt  for  payment. 


On  behalf  of  the  Committee  of  Management  of  this  School,  We  do 
hereby  certify : — 

(I.)  That  Mr.  J.  Smith  has  d\3\y  performed  the  various  duties  de* 
volving  upon  him  as  a  Science  Teacher  in  the  School,  during 
the  year  ending  3lst  day  of  May  1865 ; 

(2.)  That  he  has  given  the  following  Students  at  least  25  lessons 
during  the  vear,  or  since  the  last  examination  at  which  piayment 
was  chiimea  on  their  account,  in  each  subject  for  which  pay- 
ment is  claimed ; 

(3.)  That  the  under-mentioned  students  are  artizans  or  operatives  *  in 
the  receipt  of  weekly  wages,  supporting  themselves  by  their  own 
manual  labour;  or  their  children  not  earning  their  own  livelihood, 

Wm,  Brown,  Secretary. 

JohnJones,j^'''^'f' 
James  Robinson,  {^J^^^ 

I  hereby  certify  that  the  following  particulars  are  correct. 

John  Smith,  Teacher. 

Names  op  Passed  Artizan  ob  Operative  Students.* 

N.B.~Th9  nameii  of  the  students  must  be  arranged  alphabetically.  After  each  student's 
name  must  be  placed  his  several  successes  (if  he  has  more  than  one) ;  and  bi  the  last 
column  the  amount  claimed  ou  each  success  after  making  the  proper  deduction. 


Surname. 

Christian 
Name 
infUU. 

H 
4 

« 

Trade,  or 
father's  trade. 
(State  which 

is  given). 

Position  at 

thehite 
Examination. 

Highest  Posi- 
tion in  same 
Subject  at 
any  previous 
Examination. 

P*yment 
elaimed. 

sm^eet. 

Grade. 

Jdams, 

M 

Bofier, 
SmWh 

James, 

John  Wm. 
Henry, 

Widiam, 

82 
»» 

Cfarpenter, 
Butcher  if) 
Bak^if) 

X. 

XL 

XIV, 

X. 

XL 
L 

Ut 

Pose 
let 

4ih 
let 

%nd 

B  «. 

6    0 

1  0 
010 
0  10 

2  0 
6    0 

*  Should  the  Teacher  have  instructed  any  Students  who  may  fairly  be  considered  to 
belong  to  the  industrial  classes,  but  whose  wages  are  paid  at  longer  intervals  than  a 
week,  or  who  do  not  support  themselves  bv  their  own  manual  labour  the  claims  on 
their  account  mutft  be  made  by  the  Committee  of  the  school  on  the  form  on  page  S, 
when  they  will  be  considered  on  their  merits. 
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SCIENCE  FORM,  No.  108. 


Application  from Secretaiy  of  the  Local 

Committee  for  the  Science  School  or  Class  at 

for  payment  of  allowance  for  duties  connected  with  t^e  School^  and  for 
superintending  the  examination. 


Sir, 

Banff  eiUitled  to  paymmU  according  to  the  regulations  of  the 
Science  "  IHrectory*^'  for  duties  connected  with  the  Science  Class  at 

and  for  superintending  the  arrangements 

fbr  carrying  out  the  examinations  on the  following  days 

in  May  186    ,  I  request  that  the  sum  qf  £  „ may 

be  paid  to  me,  being  the  authorized  fee, 

J)ates  of  Examinatioii.  Dates  of  Examination.  Babes  of  Examination. 


J  am,  Sir, 

Your  obedient  Servant, 
The  Secretary, 

Science  and  Art  Department, 


CONDITIONS  UNDER  WHtcH  Apparatus,  Instruments,  Books, 

&C.    MAY    BE    OBTAINED    BY     SciENCE    ScHOOLS    OR     ClASSES 

(taught-  "BY  A    Teacher   certificated    in   SciENCB),t  in 
Public  Schools,  Mechanics'  Institutions,  &c. 

I,  The  Lords  of  the  Conmiittee  of  Council  on  Education,  having  had 
under  their  consideration  several  applications  from  the  managers  and 
masters  of  Mechanics'  and  other  Institutions,  for  grants  to  he  made  to 
them  of  Apparatus  and  Illustrations,  recommended  by  the  Science  and 
Art  Department  for  teaching  science,  think  it  necessary  to  adopt  some 
general  principle  which  shall  regulate  the  decisions  of  tne  Committee  in 
reference  to  such  appHcations. 


•  £1  annually  for  furnishing  the  returns,  &c.  specified  on  Soienee  Perm  Na  17«l.  oon- 
nected  with  any  Science  school  or  class,  and  £1  in  addition  for  each  day's  flT»LmiVSt*«n« 
held  by  the  Committee  to  which  he  acts  as  Secretary.  •rmrnni 

t  Appm-atus  not  exceeding  10?.  in  value  may  be  obtained  by  poor  Schools  and  Me- 
et^^'^*l'"5*^*^'  ^l  ^^?^^A^l  *  ^rt^<»ted  teacher,  under  the  saroTwn^i^ 
that  is,  the  Department  willaid  them  to  the  extent  of  W.  ^^  wu«M.i«n», 
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Their  Lorddups  have  already  ftilly  recognized  the  great  importance  of 
practical  science  to  all  classes  of  the  community,  in  all  relations  of  life. 
They  are,  therefore,  desirous  that  the  Science  and  Art  Department  should 
assifitx  as  far  as  possible,  in  promoting  the  distribution  of  diagrams  and 
apparatus  as  the  means  of  accomphshing  this,  object;  but  as  the  m- 
discriminate  gift  of  these  aids  for  instruction  to  all  applicants  might  lead 
to  abuse,  it  is  necessary  to  require  some  guarantee  that  they  will  be  duly 
appreciated,  which  the  mere  i^equest  to  have  them  does  not  imply. 

The  principle  which  governs  the  whole  proceedings  of  the  Department 
in  all  ijts  branches  is  to  afford  partial  aid,  and  to  encourage,  but  not 
supersede  public  exertions  in  promoting  education  in  science.  They  have, 
therefore,  resolved  that  the  Department  shall  have  the  power  to  assist 
schools  and  classes  taught  by  a  certificated  teacher  in  Mechanics'  and 
other  institutions  in  purchasing  diagrams  and  apparatus  for  teaching 
science  at  a  reduction  of  50  per  cent,  on  the  net  cost. 

Lists  of  the  scientific  diagrams  and  apparatus  prepared  by  the  Depart- 
ment, according  to  conditions  of  the  following  Minute,  may  be  obtained 
of  the  Secretary  of  the  Science  and  Art  Department,  South  Kensington, 
London,  W.  It  should  be  distinctly  understood  that  the  aid  of  the 
Department  in  purchasing  these  articles  at  a  reduced  price,  if  above  10/. 
in  value,  can  be  granted  only  to  public  schools  and  institutions  when 
taught  by  a  certificated  teacher. 

Minute  of  the  2drd  March  1860. 

'*  The  Lords  of  the  Committee  of  Council  on  Education  desire  to  afford 
the  jpreatest  facilities  to  teachers  of  science  and  navigation  schools  in 
obtaining  the  best  instruments,  apparatus,  &c.,  for  giving  instruction  in 
science  and  navigation,  towards  the  purchase  of  which  the  Science  and 
Art  Department  is  authorized  to  pay  50  per  cent,  of  cost ;  and  they  con- 
sider that  the  ftdlest  opportunities  snould  be  given  to  manufacturers  in 
all  parts  of  the  Kingdom  for  supplying  such  apparatus,  &c.  At  the  same 
time  it  is  necessary  that  the  Science  and  Art  Department  should  have 
some  gruarantee  that  the  apparatus  and  instruments  are  of  good  quality, 
and  moderate  in  price.  My  Lords  have  therefore  laid  down  the  following 
rules  and  conditions : — 

"  1.  Samples  of  all  articles  on  the  manufacturer's  list  are  to  be  sent  to 
the  Educational  Collection,  South  Kensington  Museum,  for  exhibition, 
urhere  they  will  be  arranged  separately,  according  to  the  science  for  which 
they  are  intended,  so  as  to  afford  teachers  and  others  facility  in  inspect- 
ing them  and  making  a  choicei 

"  2.  The  manufacturer  is  to  supply  priced  catalogues  of  such  articles 
printed  in  demy  8vo.,  in  order  that  the  various  catalogues  may  be  bound 
up  together  and  supplied  when  asked  for. 

*'  3.  The  manufacturer  is  to  guarantee  that  the  articles  exhibited  are 
fair  samples  of  those  specified  in  the  priced  catalogue,  and  he  must  engage 
to  take  back  any  article  supplied  to  schools  which  may  be  inferior  to  the 
standard." 

Manufacturers  willing  to  comply  with  these  conditions  are  to  make  a 
statement  to  that  effect,  and  to  send  lists  of  apparatus,  instruments, 
books,  &c.  in  the  following  sciences : — 1.  Practical  plane  and  descriptive 
geometry,  mechanical  and  machine  drawing,  and  building  construction ; 
2.  Physics  (mechanical  and  experimental);  3.  Chemistry;  4.  Geology 
and  mineralogy ;  5.  Natural  history  (zoology  and  botany,  vegetable  and 
animal  physiology) ;  6.  Navigation  and  nautical  astronomy,  and  physical 
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geography.  If  tliese  lists  and  prices  are  such  as  can  be  approved  of,  the 
manufacturer  will  be  informed,  and  as  soon  as  posuUe  on  his  fulfilling 
the  conditions,  his  list  will  be  inserted  in  the  catalogue.  The  catalogue 
will  undergo  a  revision  at  least  once  a  year,  when  manufacturers  may 
send  any  improved  forms  of  apparatus,  &c. 

The  selection  of  the  manufiscturer  will  lie  wholly  with  the  Committee 
of  the  school.  On  their  demand  being  sanctioned,  the  manufacturer  will 
receive  instructions  to  supply  the  articles  upon  his  receiving  the  50  per 
cent,  due  from  the  school. 

On  obtaining  a  receipt  from  the  Committee  of  the  school  (which  is 
included  in  the  form  of  the  requisition)  that  the  articles  have  been 
received,  the  remaining  60  per  cent,  will  be  paid  quarterly  to  the  manu- 
facturer by  the  Deparfonent. 

2.  Payments,  including  chxtf^e  for  packing,  must  be  made  in  advance 
to  the  agents  on  receipt  of  the  invoice.  Hie  goods  to  be  sent  at  the  risk 
of  the  purchaser. 

All  communications  to  be  addressed  to  the  Secretary  of  the  Sdoioe 
and  Art  Department,  South  Kensington,  London,  W. 

By  Order  of  the 
Committee  of  Council  on  Education. 

N.B. — Apparatus  grants  wiU  in  future  be  rigorously  confined  to  artides 
of  a  permanent  and  non-destructible  nature;  hence  no  aid  will  be 
afforded  in  the  purchase  of  breakable  articles,  such  as  glass  retorts,  test 
tubes,  &c.,  or,  indeed,  generally  in  the  purchase  of  articles  to  be  us^  by- 
the  student  as  distinguished  fitom  those  of  a  permanent  and  illustrative 
character  which  are  required  by  the  teacher  in  giving  instruction  io 
science. 

Grants  are  only  made  in  the  purchase  of  one  object  of  the  same  kind* 
Duplicates  of  apparatus,  &c.  are  not  allowed  at  the  reduced  rate. 
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SGDSNCB  TOBM,  No.  49. 

FoEX  of  RsQmsiTioiv  which  may  tse'tOid  on  application  to  the  Secretary, 
Science  and  Art  Department. 

The  fcdlowing  Requisition  for  Aid  in  purohasing  apparatus,  &c.,  oifter  being  filled 
«p  09  irequirea,  is  to  be  transmitted  to  "The  Secretary  of  the  Science  and  Art 
ijepuimieQt,  South  Kensington,  London.  Vf.** 

N.B.— It  is  to  be  undeivtood  that  the  Department  has  a  lien  on  the  ^paratus.  Ac., 
ftirnished  to  public  institutions  to  the  amount  of  the  public  aid  given  in  supplying 
them ;  they  cannot  therefore  be  sold. 

1.  BBQiTiaiTioir  for  Aid  in  purchasing  apparatus,  Ac.  y^^  i  ^ppi}. 

For  the  use  of- School  or  Institution  (•)  cation  to  be 

In  the  City  or  Town  of  (») filled  in  by 

IntheCountyof ]«'<- 

fullftar' 
ticular9. 


Having 
(•)  Erase  the 
words  that 
do  not  apply. 

and 


Hale 

Female 

- 

1      1 

(»)  Pupils  (Artizansor  Operatives)  of  the  Science 
Chiss. 


(')  Scholaru  or  Members  of  Poor  School  or  Me* 
chanics  Institute. 


Total. 


I  request  the  aid  of  the  Department  in  obtaining  ftrom  M 


the  apparatus,  Ac^  named  in  the  opposite  page,  and  I  undertake  that  the  same  shall  be 

kept  and  used  in  the  above-mentioned  (■)  school  or  institution  for  which  they  have 

been  demanded. 

The  address  to  which  the  parcel  is  to  bo  sent  is  as  follows  :— 

To  be  forwarded  to 

per at- 


Datedthis- 


Signature  of  Bequisitionist. 

-day  of 186    . 


Requisition  sent  toM 
this 


day  of 


186 


and  authority  given  for  the  supply  of  Articles  to  the  extend 
of 


ofwhich£- 


NetSum 


-will  be  paid  by  the  Department,  and  £- 


Agent, 


„  No.  2  to  be 
filled  in  by 
the  Depart* 
ment. 


.         . ,  together  with 

the  cost  of  packing,  by  the  school  or  institution,  previous  to  the  goods  being 
applied. 

Assistant  Secretary. 


8.  Invoice  of  artidee  sent  to  Requisitionist  as  under,  this  - 

of 186    . 

Articles  (RetaU  Price)      • 
Deduct  as  above,^ 

Aid  by  Department     •         -  •  -  I 


Add,  for  packing 
Total  to  be  \yaid  by  Requisitionist 


day  No.  8  to  be 
filled  in  by 
agent  on 
transmis- 
sion of  the 
invoice. 


4.  Amount  £- 


'-received  from  schools  this- 
.186   . 


— day  of  N'os.  4  and  6 

tobefiUed 
-  Agent,     in  by  agent. 


6.  Examples  forwarded  as  directed  above,  together  with  Requisition,  this 

dayof 186    . 

——————————————  Agent. 

6.  Examples  as  per  invoice  received,  and  'Requisition  returned  to  Ageut,  this No.  6  to  be 

dayof 186    .  '       filled  in  by 

Requisitionist.     R^quisition- 

- ist, 

•  It  is  requested  this  paper  may  be  returned  to  the  Agent  in  an  entire  state  after  the 
examplei  have  been  received. 

Digitized  by  VjOOQIC 
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SCIENCaS  FORM,  No.  91: 

Rules  for  the  Conduct  of  Science  Examinationa. 

1.  The  following  rules  must  be  hung  up  in  the  examination  room  for 
the  information  of  the  candidates  one  week  before  the  examination. 
They  should  all  be  carefully  read  by  the  members  of  the  Conmiittee. 
lliose  marked  with  an  asterisk  must  be  read  aloud  before  the  Committee 
and  the  candidates  on  each  night  immediately  before  the  examination 
begins. 

2.  A  room  or  rooms  of  such  a  size  that,  when  seated,  the  candidates 
*  shall  be  at  least  five  feet  apart,  from  centre  to  centre,  must  be  provided 

for  the  examination. 

3.*  All  Diagrams,  &c.  must  be  removed  from  the  walls  of  the  examina- 
tion room. 

4.  Ink  and  blotting  paper  must  be  provided.  All  arrangements  for 
the  accommodation  ot*  candidates  must  be  completed  by  6.30  p.m. 

5.  If  one  room  is  used  three  of  the  Committee  must  be  present  during 
the  whole  of  the  examination,  if  more  than  one  room  then  two  of  the 
Committee  per  room,t  who  must  carefully  watch  the  whole  examination 
and  see  that  candidates  use  no  unfair  means  either  by  assisting  one 
another  or  using  books  or  notes.  The  members  of  the  Committee  can, 
if  they  wish  it,  relieve  one  another,  so  long  as  the  correct  number  are 
always  present.  No  persons  not  on  the  Committee  are  permitted  to  be 
present. 

6.  The  examination  papers  will  be  forwia-rded,  under  cover,  to  the 
Secretary  of  the  Committee  so  as  to  be  received  by  him  on  the  morning 
of  the  day  before  that  fixed  for  the  examination. 

7.*  The  candidates  must  be  seated  at  their  places  at  6.50  p.m.  After 
this  time  no  candidate  shall  be  admitted  except  under  very  exceptional 
circumstances,  and  that  only  by  express  permission  of  the  Committee, 
and  if  no  person  who  has  seen  the  examination  paper  has  left  the  room. 
No  candidate  may  on  any  account  be  admitted  after  7.30  p.m. 

8.*  The  examination  papers  must  be  opened  in  the  examination  room 
in  the  presence  of  the  Committee,  at  6.55  p.m.  No  examination  paper 
may  be  taken  from  the  room  till  after  8  p.m. 

9.*j  When  the  candidates  are  seated  and  the  papers  given  out,  the 
Committee  will  see  that  the  candidates  commence  by  filling  in  their  names, 
&c.,  where  directed.  All  the  worked  papers  must  be  collected  at  10  p.m., 
initialed,  put  under  cover,  and  sealed  in  the  presence  of  the  members  of 
the  Committee;  and  forwarded  by  thejirst  post  to  the  Secretary  of  the 
Science  and  Art  Department. 

10.*  Candidates  must  on  no  account  brings  anything  with  them  into  the 
examination  room,I  except  pens  aiid  pencils.  No  scribbling  paper,  slates, 
or  anything  of  that  nature  must  be  allowed.§  Arrangements  must  be 
made  by  which  all  books,  note-books,  &c.,  can  be  given  up  and  left  at  the 
door. 

11.*  Candidates  must  not  on  any  pretence  whatever  speak  to  one 
another  after  the  papers  have  been  given  out.  If  a  candidate. should 
require  to  ask  a  question,  he  will  hold  up  his  hand,'  when  a  member  of 
the  Committee  will  attend  to  him,  but  no  question  on  the  meaning  of 
any  portion  of  the  examination  paper  must  be  asked  or  answered. 

12.  It  maybe  of  sendee  to  the  Committee  that  the  teacher  of  the 

t  When  there  are  not  more  than  three  candidates  it  will  not-  be  necessaiy  for  more 
than  two  raerabera  of  the  Committee  to  be  present  at  the  exatoination. 

t  Except  such  as  by  the  Time  Table  (Science  Form,  No.  90)  are  required. 

§  It  is  a»)solutely  necessary  that  nothing  that  can  be  passed  from  one  candidate  to 
another  should  be  allowed.  Kough  work  and  calculations  must  be  done  on  the  supplied' 
form,  the  back  of  each  leaf  of  the  form,  i^  padres  2, 4,  6,  and  8,  may  b<»  reserved  fortbis 
purpose,  the  pen  beinpr  drawn  through  to  show  that  they  are  not  for  the  exmmider.  j»** 
nothing  must  be  torn  offthefonn. 
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class  should  attend  before  the  examination  begins  to  assist  in  getting 
the  candidates  into  their  places,  &e. ;  but  from  the  peculiar  character  of 
the  examination  it  is  so  very  necessary  that  not  the  slightest  opportunity 
for  misconstruction  should  exist  that  it  is  evident  that  he  should  not  be  in 
the  room  after  the  examination  papers  are  opened.  Information  of  his 
having  remained  in  the  room  after  this  will  at  once  lead  to  the  examina- 
tion being  declared  null.t 

13.*  llie  examination  papers  being  -given  out  no  candidate  must  be 
allowed  to  jetum  after  having  once  left  the  room.J  On  a  candidate 
leaving  the  room  his  papers  must  be  taken  up. 

14.*  At  10  p.m.,  precisely§,  all  the  candidates  must  cease  working,  and 
members  of  tne  Committee  will  collect  their  worked  papers  from  them 
at  their  places..  It  will  therefore  be  advisable  to  warn  them  ten  minutes 
before  the  time.  The  papers  will  be  initialed,  by  the  Committee  as 
directed,  as  they  are  received  from  each  candidate,  as  a  guarantee  that 
each  has  been  worked  by  him  whose  name,  &c.  it  bears.  Should  a 
candidate  have  completed  his  work  before  10  p.m.  he  may,  by  permission 
of  the  Committee,  go  away  at  once,  after  his  worked  paper  has  been 
taken  by  a  member  of  the  Committee. 

1 5.*  Should  a  candidate  break  any  of  the  foregoing  rules,  ask  from  or 
give  information  to  another,  or  use  unfair  means  of  any  description,  he 
must  be  at  once  expelled  the  examination  room,  and  his  paper  cancelled^ 
and  the  Committee  will  state  on  it  the  cause  of  his  expulsion. 

16.  On  these  examinations  depend  large  grants  of  public  money.  On 
their  being  fairly,  honestly,  and  impartially  carried  out  depends  the 
continuance  of  the  system.  The  Committees  are  intrusted  with  this 
duty.  They  will  see,  then,  how  necessary  it  is  to  be  extremely  cajreful  in 
conducting  them,  and  to  insist  on  the  foregoing  rules  being  complied 
with  to  the  letter.  They  are  therefore  required  to  sign  and  forward  this 
form  with  each  set  of  worked  papers. 

We,  the  undersigned,  members  of  the  Committee  of  the  Science 
School  or  Class  held  at '  

hereby    certify    that   we   were   present    during    the   examination    in 
held  in  the 

on  the  evening  of  the : where  the  accompanying 

papers  were  worked  in  our  presence,  and  that  the  foregoing  rules  have 
been  strictly  complied  with. 

Dated  this day  of 186    . 


Signatures. 


Time  Present. 


candidates. 

t  It  will>  therefore,  be  desirable  to  make  some  arrangement  for  the  candidates  to 
retire  within  the  room. 

§  Except  in  the  Drawing  Examinations,  subjects  1,  2,  and  3,  then  the  hour  is  11  p.m. 
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SYLLABUS  OF  THE  SUBJECTS  IN  WHICH  EXAMI- 
NATIONS  IN  SCIENCE  ARE  JIELD  BY  THE 
DEPARTMENT  OF  SCIENCE  AND  ART. 


Thb  following  Syllabus  has  been  prepared  in  order  to  afford  candidates 
some  ffuide  to  tbeir  readinjgr ;  but  it  must  be  understood  that  the  ques- 
tions m  the  examination  need  not  necessarily  be  on  the  specific  points 
enumerated. 

The  examination  is  by  paper,  but  oral  examination  ma^  be  resorted  to. 
The  examination  in  each  subject  is  distinct.  Mention  is  made  of  text- 
books solely  to  afford  a  candidate  some  assistance  in  selection  and  a 
general  idea  of  tbe  scope  of  the  examination,  and  not  at  all  to  confine  his 
reading  to  those  works  or  to  assert  that  they  are  the  best  on  the  subjects 
they  treat  of. 

A  Course  of  Lectures  as  detailed  below,  on  "  Preparation  for  obtcdnin^ 
"  Science  Certificates  and  the  Method  of  teaching  a  Science  Class,"  has 
been  delivered  by  direction  of  the  Lords  of  the  Committee  of  Council  on 
Education.  The  lectures  may  be  purchased,  ^rice  2d,  each,  at  the  book 
stall.  South  Kensington  Museum,  or  on  application  by  letter,  enclosing 
postage  stamps,  to  the  Secretary,  Department  of  Science  and  Art,  South 
Kensington,  London,  W. 

Geometrical  Drawing,  &c.  Prof.  T.  Bradley. 

Mechanical  Physics         -  Rev.  B.  M.  Cowie,  M.A. 

Chemistry       ...  Prof.  Hofmann,  F.R.S, 

Geology  -        -        -  Prof.  Ramsay,  F.R.S. 

Mineralogy,  &c.     -        -  Prof.W.  W.  Smyth,  M.A.,F.R.S. 

Zoology        -         -         -  Prof.  Huxley,  F.R.S. 

Botany         ...  Edwin  Lankester,  M.D.,  F.R.S. 

Navigation  and  Nautical  J.  Riddle,  F.R.A.S. 
Astronomv. 

Physical  Geography        -  Dr.  G.  Kinkel,  F.R.G.S. 

A  Second  Course  has  been  delivered,  of  which  the  following  have 
been  published : — 

Lecture  I.  -  Vegetable    Physio-  Edwin  Lankester,  M.D.,    3rd  February. 

lojry  and  Econo-      F.R.S. 

mic  Botany. 
Lecture  H.    Mechanical  Physics  Rev.  B.  M.  Cowie,  B.D.  10th  Februaiy. 
Lecture  IV.  Mining         -        .  W.^  W.  Smyth,  M.A.,  24th  February. 

F.R.S. 
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SYLLABUS. 


8nb)ect  X. — Practical  Plane^  and  Solid  Geometry. 

Practical  Geometiy,  plane  and  solid ;  required  by  architects,  engineers, 
mechanists,  shipbuilders,  and  others  employed  in  arts  of  construc- 
tion. 

The  candidate  is  assumed  to  have  acquired  rcadinods  in  the  use 
of  the  usual  drawing  instruments  and  materials,  to  be  skilful  in  drawing 
lines  and  circles  in  Indian  ink,  plain  or  dotted,  of  difi^erent  degrees  of 
fineness ;  drawing  parallel  e(^ui-distant  lines,  at  least  six  inches  long, 
and  from  five  to  twenty  or  thirty  in  an  inch ;  drawing  from  ten  to  thirty 
lines,  passing  through  one  point  and  forming  equal  angles ;  dividing  by 
trial  lines  and  arcs  mto  any  number  of  equal  parts.  lie  should  also  be 
able  to  mend  his  drawing  ])ens  and  other  instruments,  and  to  verify  his 
rulers,  &c.  Two  or  three  questions  in  the  first  or  easy  paper  are  in- 
tended to  test  his  skill  in  these  respects. 

Constructions  in  Plane  Geometry, 

1.  To  draw  lines  through    given    points,    in    every  position,    either 

parallel,  perpendicular  to,  or  to  form  any  proposea  oblique  angle, 
with  given  Hnes. 

The  use  and  construction  of  the  protractor,  and  of  the  "  scale  of  chords  '* 
for  these  purposes,  should  be  understood,  and  the  deduction  of  certain 
angles  from  the  direct  division  of  the  circle. 

2.  To  draw  circles  or  arcs,  through  given  points,  to  touch  given  lines  or 

circles,  and,  couversdy,  lines  to  touch  circles. 

Required  in  drawing  framework  for  machinery,  architectural  designs, 
ornamentation,  &c. 

3.  ITie  principles  of  drawing  symmetrical  forms  by  means  of  co-ordinates 

to  the  axis  of  symmetry. 

This  is  the  basis  of  all  drawing,  of  objects  of  construction,  wliich  arc 
always  symmetrical,  not  only  in  architecture,  civil  and  naval,  but  in 
machinery  and  engineering  works  of  all  kinds. 

4.  Constructions  of  figures  similar  to  given  rectilinear  or  mixtilincar 

figtires. 

Here  the  construction  and  use  of  ''scales"  plain  and  comparative, 
should  be  thoroughly  understood  and  explained,  and  the  principles  of 
the  <f/a^ona/ division  of  scales.  Also  the  mode  of  reducing  or  enlarging 
drawings  by  means  of  similar  rectangles,  termed  sqvaring  n  drawing 
The  use  of  tlie  sector  and  of  proportional  compasses  in  facilitaiin  ' 
copying  should  be  known. 

5.  To  construct  rectilinear  figures  similar  to  given  ones,  but  with  a  jjro- 

posed  area. 

C.  To  determine  by  construction  numerical  quantities  such  as  -/  m  ; 
VL;    ^^fi?±h^  &c. 


C 
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7.  To  construct  a  triangle^  any  tluree  parts  being  given. 

§  1.  Used  in  levelling,  sunreying,  and  theMetermination  of  eights  and 
distances.  Great  accuracy,  neatness,  and  "distinctness  of  construction, 
will  be  insisted  on :  Geometrical  drawing  Is  valueless  unless  it  possesses 
these  requisites. 

§  2.  A  few  illustrations  of  constructions  on  the  ground,  by  means  of 
a  "chain,"  pins  and  cords,  necessary  in  surveying,  and  "setting  out" 
buildings  and  earthworks,  may  be  added  to  the  course,  as  well  as 
the  solution  of  a  few.  elementaiT^  problems  by  means  of  the  compasses 
alone. 

8.  The  delineation  of  a  few  of  the  curve  lines  required  in  the  arts,  such 

as  the  ellipse^  cycloidal  curves,  the  involute  and  sinusoid,  with  the 
graphical  method  of  determining  their  tangents  and  normals. 

Required  in  designing  elliptic  arches,  oblique  bridges,  teeth  of  wheels, 
cam-work,  screws,  &c. 

9.'  Practice  in  tinting  and  shading  with  Indian  ink,  so  as  to  express 
curved  surfoces  and  shadows. 

Both  papers  contain  questions  from  sections,  1, 2,  4, 5,  but  those  of  the 
second  or  more  difficult  paper  are  chiefly  from  sections  4,  5, 7,  and  8, 
and  only  rarely  from  3,  6,  7,  and  9. 

For  the  preceding  part  of  the  course,  a  fair  knowledge  of  the  first  four 
books  of  Euclid  is  necessary,  some  acquaintance  with  elementary 
trigonometry  is  also  desirable. 


Constructions  in  Solid  Geometry, 
{Descriptive  Geometry.) 

A  general  knowledge  of  the  principles  of  projection  on  two  (co-ordinate) 
planes,  as  necessary  to  define  or  represent  any  geometrical  solid,  is 
necessary  to  gain  any  certificate  in  this  subject.  These  projections 
are  termed  plans,  elevations,  profiles,  or  sections. 

The  questions  in  the  first  or  easy  paper  demand  only  this  elementary 
knowledge,  the  candidate  being  required  to  represent  by  their  pro- 
jections simple  solids,  such  as  prisms  and  pyramids,  or  others 
formed  by  their  combinations. 

But  to  obtain  a  second  or  first  class  the  candidate  must  be  acquainted 
with  the  methods  of  solving  problems  on  the  combinations  of 
points,  lines,  and  especially  planes,  independent  of  any  solid  form 
or  volume  of  which  they  are  the  elements. 

He  should  also  know  something  of  the  geometry  of  curved  surfaces,  as 
the  sphere,  cylinder,  and  cone,  and  of  the  mode  of  representing  all 
surfaces  graphically  by  the  projections  of  their  generators.  "For  the 
following  subjects  he  must  know  how  to  determine  planes  to  touch 
or  tangential  to  such  surfaces ;  but  candidates  are  not  expected  to 
be  more  than  generally  acqjuainted  with  these  subjects.  Occa- 
sionally, however,  easy  questions  in  the  following  are  inserted  in 
the  second  paper. 

Apphcations  to  the  intersections  of  surfaces,  and  of  the  developmoit 
of  snch  as  admit  of  it. 

This  may  be  considered  the  most  important  part  of  descriptive  geome- 
try to  the  artizan,  as  it  is  required  in  all  arts  of  construction.  The  mason, 
carpenter,  and  shipwright,  workers  in  tin-plate^  boiler  makers,  Ac,  must 
all  possess  some  knowledge  of  it. 
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The  solution  by  oonstruction  of  the  spherical  triangle  from  any  three 
given  parts,  is  mentioned. 

As  important  to  masters,  mates,  and  others  engaged  in  any  kind  of 
astronomical  calculations. 

Isometric  Projection 

Is  u&efiilly  employed  in  the  representation  of  works,  chiefly  of  a  rectan- 
gular form,  such  as  timber  framing,  canal-locks,  and  many  parts  of 
machinery ;  its  use  is  increasing :  it  is  readily  understoo((  and  can 
be  practised  by  anyone  who  has  gone  through  the  previous  articles 
of  this  section. 

Perspective  or  Radial  Projection 

May  be  taken  up,  but  will  not  be  insisted  on  as  it  is  rarely  used  except 
by  architects  to  represent  buildings  (not  yet  executed),  as  they  would 
appear  to  the  eye  at  any  spot  from  which  they  could  be  viewed,  and 
the  power  of  applying  it  for  this  purpose  is  possessed  by  many  who 
know  little  of  the  really  easier  subject  of  descriptive  geometry ;  but 
as  its  application  by  the  architect  must  be  subordinated  to  artistic 
taste,  this  consideration  excludes  it,  in  some  measure,  from  a  piurely 
geometrical  course. 

No  one,  however,  can  be  considered  a  scientific  draughtsman  unless  he 
can  apply  perspective  projection  to  the  projection  of  shadows,  the 
projections  of  the  sphere,  the  constructions  of  maps  and  dials,  and 
some  other  uses. 

For  the  second  division  of  this  course,  in  addition  to  what  was  before 
indicated,  a  competent  knowledge  of  the  theorems  relating  to  the 
line  and  plane  (Euclid,  Book  XI.)  is  essential. 

The  following  are  some  of  the  best  works  on  the  subject  of  Practical 
Geomet^,  but  the  list  is  not  given  as  a  complete  one  : — 

For  Theoretical  Geometry. — 1.  Geometry,  Plane,  Solid,  and  Spherical,  Sfc. 
(Library  of  Useful  Knowledge),  published  originally  by  Baldwin  and 
Cradock,  undoubtedly  the  best  work  on  the  subject. — 2,  Geometry, 
SfC,  by  Mr.  Bell,  in  Chambers's  Educational  Course,  both  compre- 
hensive and  excellent. — 3.  There  are  excellent  elementary  works 
based  on  Euclid  in  Gleig's  School  Series,  and  in  that  published  by 
Messrs.  Galbrsdth  and  Haughton  in  Ireland,  also  in  Weale's  Series, 
&c.  &c. 

For  Practical  Geometry. — Bradley's  Geometrical  Dratwn^r,  published  for 
the  Committee  of  Council  on  Education  by  Messrs  Chapman  and 
Hall.  —  Bradley's  Practical  Geometry,  Perfective  and  Projection 
(Library  of  Useful  Knowledge).  —  Hall's  Elements  of  Descriptive 
Geometry  for  Students  in  Engineering. — Heoiher^s  Descriptive  Geometry 
for  Students  in  Engineering  in  Weale's  Series. — Also  works  by  Winter, 
Burchett,  and  Binns. 

Frmch  works  on  this  subject  are  numerous  and  excellent,  by  Lacroix, 
Lefebre  de  Fourcy,  Leroy,  Le  Vallee,  Adhemar,  Bardin,  &c.  &c. 

Subject  XX. — Machine  Construction  and  X>rawing. 

The  application  of  the  foregoing  Subject  I.  to  the  drawing  of  ma- 
chinery, in  which  great  accuracy  and  neatness  of  drawing  will  be 
insisted  on. 
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The  candidate  will  be  required  to  take  measurements  with  calipers,  &c.» 
and  to  make  drawings,  elevations,  and  sections  of  a  simple  machine, 
or  of  parts  of  one,  set  before  him.  Also  to  draw  a  portion  of  a 
machine  from  written  dimensions  and  description.  He  will  be 
required  to  have  sufficient  knowledge  of  the  principles  of  machinery, 
gearing,  &c.,  to  be  able  to  make  working  drawings  of  a  machine  or 
portions  of  a  machine  from  a  rou^h  sketch,  applying  the  power  to 
the  greatest  advantage,  and  obtaining  such  power  or  changes  of 
motion  as  are  required.  In  £ne,  such  knowledge  and  readiness  as 
would  be  required  of  a  good  draughtsman  in  an  engineer's  office. 

Subject  XXX. — ^Building;  Construction,  or  Xffaval  Architecture 
and  Drawing;. 

{See  previous  Subject,) 

The  candidate  will  be  required  to  possess  sufficient  knowledge  of  con- 
struction— (1)  to  apply  the  various  materials  used  in  building  to  their 
greatest  advantage ;  (2)  to  be  able  to  make  detail  and  working  drawings 
showing  a  knowledge  of  the  methods  of  construction  and  the  framing 
of  ordinary  roofs,  bridges,  &c.,  whether  of  wood,  iron,  or  masonry ; 
(3)  to  frame  estimates  and  take  out  quantities. 
Neatness,  accuracy,  and  facilit;^  in  drawing  will  be  insisted  on,  and 
the  general  requirements  in  this  Subject  will  be  such  as  would  be 
possessed  by  a  good  draughtsman  in  an  architect  or  builder's  office, 
with  a  slight  scientific  knowledge  for  the  proper  application  of  the 
materials  he  is  required  to  work  with. 

N.B. — Naval  Architecture  maybe  taken  instead  of  Building  Construc- 
tion ;  the  same  description  of  attainments  will  be  required. 

Subject  XV.— Elementary  Mathematics. 

1.  Arithmetic  generally. 

2.  Geometry. — ^The  properties  of  lines,  triangles,  rectilinear  figures,  the 

circle ;  properties  of  similar  figures ;  proportion  of  figures ;  inscribed 
and  circumscribed  polygons.  The  questions  will  have  reference  to 
Euclid's  elements ;  but  a  sound  knowledge  of  Geometry  obtained 
from  any  source  will  be  accepted. 

3.  Algebra. — Definitions.      Addition.       Subtraction.      Multiphcation. 

Division.  Greatest  common  measure.  Least  common  multiple. 
Theory  of  indices  (integral).  Involution.  Evolution.  Simple 
equationis,  and  problems  producing  them.  Fractions.  Quadratic 
equations,  and  problems  producing  them.  Ratio.  Proportion. 
Variation.  Arithmetical,  geometrical,  and  harmonical  Progressions, 
Permutations,  and  Combinations.  Binomial  theorem  for  a  positive 
integral  index. 

4.  Plane  Trigonometry. — Definitions.  Conversion  of  degrees  and  theirsub- 

divisions  into  grades,  and  their  subdivisions,  and  vice  versd.  Angular 
and  circular  measures  of  degrees  and  their  relation .  The  goniometric 
functions  of  angles  and  the  conversion  of  one  into  another.  The 
arithmetical  values  of  the  goniometric  functions  of  90°,  46°,  60°,  30°, 
180°,  120°,  160°,  &c.    The  meaning  of  contrariety  of  signs  in  trigo- 

P  nometry.  Tracing  of  the  goniometric  functions  in  magnitude  and 
algebraic  sign  through  the  four  quadrants  and  when  an  angle  is 
indefinitely  increased. 

Formulae  for  multiplication  and  division  of  angles,  ^dz.,  sine,  cosine, 

A         A 
tangent,  &c.,  of  {A  ±B),  2A,3A,~,  and  —.    Also  of  ^  and  B  in 


,A  +  B      ,A^B. 
terms  of  — 5 —  and  — 5 — 
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Logitrithms, — Definition.  Multiplication,  Division,  Involution  and  Evo- 
lution by  logs.  The  use  or  logarithmic  tables.  Tables  of  propor- 
tional parts  for  numbers  and  angles.  Modulus.  Construction 
of  logarithmic  tables,  and  of  tables  of  logarithmic  sines,  cosines,  &c. 

Drianffles, — Formulae  for  cosine  of  an  angle  of  a  triangle  in  terms  of  its 
sides.  Hie  relation  between  sines  of  angles  and  the  opposite  sides ; 
sine,  cosine,  tangent,  &c.,  of  half  an  angle  of  a  triangle  in  terms  of 
sides,  and  of  the  sine  of  an  angle.  Area  of  a  triangle. "  Solution  of 
triangles.  Diameters  of  circles  inscribed  in  and  circumscribed  about 
a  given  triangle.  Areas  of  regular  polygons  inscribed  in  and  cir- 
cumscribed about  a  given  circle.  Area  of  a  circle.  Description  and 
use  of  vernier  and  theodolite  and  sextant  (generally).  Heights  and 
distances  of  inaccessible  objects. 

For  students  to  obtain  a  6th  class,  a  com])etent  knowledge  of  the 
following  alone  will  be  required :  — 

(1.)  Geometry.    The  first  book  of  Euclid. 
(2.)  Algebra,  to  simple  equations  and  problems  (inclusive). 
(3.)  Plane  trigonometiy.     The  more  elementary  portions,  including 
use  of  logarithms. 

To  obtain  a  4th  class  : — 

(1.)  Geometry.    The  first  three  books  of  EucHd. 

(2.)  Algebra,  to  quadratic  equations. 

(3,)  Plane  tngonometry  as  far  as  solution  of  triangles,  inclusive. 

And  for  third,  second,  and  first  class  Queen's  prizes  the  remaining 
portion  of  the  above  subjects. 

Subject  V. — Higher  Mathematics. 

1 .  Algebra. — Surds.    Tlieory  of  indices  (fractional  and  negative).     Bi- 

nomial theorem  generally.  Multinomial  theorfim.  Exponential 
theorem.  Indeterminate  equations  and  problems.  Indeterminate 
coefficients.     Reversion  of  series.     Properties  of  numbers. 

2.  Plane  Trigonometry. — De  Moivre's  theorem  and  the  expansion  of 

sine,  cosine,  and  tangent  in  terms  of  the  angle. 

Spherical    Trigonometry. — Definitions    and    fundamental    propositions. 

Polar  or  supplemental  triangle  and  its  properties.  Area  of  a  spherical 

triangle.     Spherical  excess. 
Fundamental  formulae  expressing  the  relations  of  the  sides  and  angles 

of  a  spherical  triangle. 
Napier's  analogies. 
Solution  of  right-angled  spherical  triangles  and  of  oblique  angled 

triangles. 

Mensuration. — ^Trapeziums.  Regular  plane  rectilinear  figures.  Irregular 
plane  curvilinear  figures  (Simpson's  or  Stirling's  Rules).  Volumes 
and  surfaces  of  Parallelopipeds,  Pyramids,  Cyhnders,  Cones,  and 
Spheres. 

Differential  and  Integral  Calculus. — Definitions.  Differential  of  ele- 
mentary functions, -including  circular  and  logarithmic  funcjjns. 
Vanishing  fractions.  Maxima  and  minima  of  one  independent 
variable.  Tangents  and  normals  of  curves.  Differential  coefficients 
of  Areas,  Arcs,  Volumes  and  surfaces  of  solids  of  revolution. 
Integration  of  elementary  functions.  Integration  by  parts.  Rational 
fractions.  Integration  between  limits.  Areas  and  lengths  of 
simple  curves.    Volumes  and  surfaces  of  solids  of  revolution. 
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Snbject  VX. — Mechanics  as  a  Science,  or  Theoretical 
Mechanics. 

Statics.  Composition  and  resolution  of  forces.  Forces  acting  on  a 
point — on  a  rijfid  body.  Parallel  forces.  Centre  of  gravity.  Theory 
of  moments  or  couples.  Principle  of  virtual  velocities.  The  mecha- 
nical powers.    Friction.    Equilibrium  of  roofs  and  arches. 

Dynamics.  Laws  of  motion.  Uniformly  accelerated  motion.  Motion 
by  gravity  Variable  forces.  Projectiles.  Centrifugal  force.  Motion 
on  inclined  planes — on  curves.  Pendulums.  Motion  of  rigid  bodies, 
free  or  constrained.  Moment  of  Inertia.  Centre  of  oscillation — of 
percussion.     Motion  of  flexible  bodies,  such  as  a  musical  string. 

Hydrostatics,  Hydrodynamics,  and  Pneumatics.  Mechanical  properties 
of  liquids.  Law  of  pressure.  Centre  of  pressure.  Laws  of  floating 
bodies.  Capillary  attraction.  Laws  of  fluid  motion,  through  open 
channels,  closed  pipes,  or  orifices. 

Mechanical  properties  of  elastic  fluids.  Theory  of  barometers.  Con- 
nexion between  pressure,  temperature,  and  volume.  Specific  heat. 
Weight  of  atmosphere.     Use  of  barometer  in  calculating  heights. 

In  this  subject  tne  candidate  will  have  to  show  a  mathematical 
knowledge  of  the  laws  of  Mechanics,  and  must  be  able  to  prove  from 
first  principles  the  principal  theorems. 

The  books  recommended  for  study  are — Whewell's  Elements  of  Mecha- 
nics,  or  Snowball's;  Moseley's  Engineering  Architecture;  Natural 
Philosophy,  by  Dr.  Golding  Bird  and '  Mr.  Brooke;  Goodwin's' 
Elementary  Course, 

Snbject  VIZ. — Mechanics  as  an  Art,  or  Applied  Mechanics. 

General  principles  of  mechanism.  Elementary  combinations.  When  the 
connexion  is  by  rolling  contact,  shding  contact,  wrapping  connectors 
or  linkwork,  with  constant  or  varying  velocity  ratio,  and  constant  or 
varying  directional  relation. 

Machines  of  ordinary  occurrence  must  be  thoroughly  understood  and 
particular  parts  to  be  described  and  drawn  :  such  as  cranes ;  lathes ; 
drills:  planing,  punching,  boring,  shaping,  and  slotting  machines. 
Spinning  and  weaving  machinery.  Mode  of  calculating  power  of 
machinery.    Dynamometers,  indicators,  &c. 

Materials.  The  general  properties  of  materials.  Elasticity.  Weight. 
Specific  weight.  Mechanical  work.  Work  done  by  pressure,  by 
impact,  by  expansion  of  elastic  gases  and  steam,  by  animal  muscular 
effort. 

Resistance  to  expansion,  to  compression,  to  rupture.  Friction  of 
solids.  Its  importance  in  construction.  Resistance  of  fluids  to 
bodies  moving  within  them.  Adaptation  of  form  and  material  for 
maximum  resistance.  Beams  of  greatest  strength.  Construction  of 
roofs,  arches,  stone  and  timber  bridges,  suspension  bridges,  and 
tubular  girders. 

Hydrostatics,  Hydrodynamics,  and  Pneumatics.  Pressure  on  flood- 
gates ;  locks  ;  water-wheels ;  turbines ;  water-pressure  engines ; 
breakwaters.  Hvdrometers.  llie  syphon.  Hydraulic  ram.  -Pumps. 
Diving  beU.  Cfondenser.  Windmills.  Steam-engines,  stationary, 
jbiarine,  locomotive.  The  steam  hanuner.  Water  supply  to  towns. 
Theory  of  tides,  in  the  open  sea,  and  in  rivers. 

In  this  subject  the  candidate  will  be  expected  to  show  how  the 
principles  are  apphed  in  actual  practice :  he  will  be  expected  to  show 
by  clear  well-dniwn  sketches,  his  acquaintance  with  parts  of  machines. 

The^candidate  will  have  tools  and  mooels  put  before  him,  with  some  of 
which  he  must  show  he  is  familiar;  and  that  he  can  explain  their  use 
and  construction. 
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Books  recommended :— -Willis's  Mechanism^  Baker's  Elements  of  Me^ 
chanism ;  the  books  in  Weale's  Series  which  treat  on  the  subjects 
specified.  Twisden's  Practical  Mechanics;  Goodeve's  Elements  of 
Mechanism. 

9«bject  VIII.— Acoustics,  Xiiffht,  and  Heat, 

Actmstics, 

The  candidate  ought  to  know  the  manner  in  which  sound  originates, 
and  is  propagated;  its  velocit^r  in  difPerent  media,  and  how  its  velocity 
througn  aur  is  affected  bj  density  and  temperature. 

He  ought  to  know  the  origin  of  musical  sounds ;  of  pitch ;  of  harmony 
and  discord ;  to  commit  to  memory  the  rates  of  vibration  of  the 
several  notes  of  the  gamut ;  to  be  able  to  make  sonorous  vibrations 
visible  by  means  of  glass  plates  and  membranes;  to  calculate  the 
length  01  sonorous  waves,  and  to  determine  practically  the  number  of 
vibrations  due  to  any  particular  note.  He  ought  therefore  to  under* 
stand  the  construction  and  use  of  the  Syren. 

He  ought  to  be  able  to  describe  and  illustrate  the  condition  of  a  vibrating 
string,  or  column  of  air  at  its  nodal  points  and  ventral  segments  and 
to  explain  echos  and  resonance. 

lAght. 

The  candidate  ought  to  know  how  its  velocity  was  first  determined  from 
observations  upon  Jupiter's  satellites. 

He  ought  to  be  able  to  devise  a  simple  means  of  exhibiting  both  the 
reflection  and  refraction  of  light ;  to  be  able  to  state  the  laws  of  both ; 
to  explain  what  is  meant  by  total  reflection ;  and  to  apply  it  to  the 
explanation  of  the  Mirage  of  the  Desert,  the  Phantom  Snip,  and  other 
similar  phenomena. 

He  ought  to  be  able  to  explain  why  the  image  in  a  plane  mirror  must 
appear  as  far  behind  the  mirror  as  the  object  is  in  front  of  it ;  why  a 
stick  appears  bent  when  dipped  obliquely  into  water;  and  why  the 
bottom  of  a  river  or  lake,  or  of  a  basin  which  holds  water,  appears  to 
be  nearer  to  the  surface  than  it  really  is. 

He  ought  to  be  able  to  determine  the  positions  of  the  foci  of  spherical 
mirrors,  both  concave  and  convex ;  to  describe  the  characters  of  their 
images,  whether  erect  or  inverted ;  magnified  or  reduced ;  and  to  do 
the  same  for  convergent  and  divergent  lenses. 

He  ought  to  know  the  construction  of  the  human  eye ;  the  conditions  of 
distinct  vision,  the  use  of  spectacles ;  and  to  be  able  to  describe  a 
simple  form  of  the  reflecting  and  refracting  telescope  and  of  the 
microscope. 

He  ought  to  know  the  constitution  of  light ;  to  be  able  to  describe  the 
spectrum  produced  by  refraction  with  a  prism ;  to  explain  the  origin 
of  colours,  and  to  give  a  clear  explanation  of  the  rainbow. 

Heat. 

The  candidate  ought  to  be  able  to  describe  the  construction  and  gra- 
duation of  an  ordinary  merciuial  thermometer;  to  understand  the 
S(»des  of  Fahrenheit,  Celsius,  and  Reaumur.  ^ 

He  ought  to  have  clear  ideas  of  conduction  and  radiation;  to  be  abft  to 
devise  some  simple  means  whereby  the  conductive  and  radiative  powers 
of  different  bodies  may  be  determined ;  to  explain  fully  the  formation 
of  dew,  and  to  state  the  conditions  favourable  to  its  production. 

He  ought  to  know  the  effect  of  heat  upon  the  volumes  of  bodies ;  to 
know  what  is  meant  by  the  coefficient  of  expansion,  and  how  it  may 
be  determined;  to  give  illustrations  of  the  enormous  power  of  heat  in 
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producing  expansion;  fo  state  exceptional  cases ;  to  know  tbe  manner 
m  wbicli  heat  is  propagated  through  liquids  and  gases,  as  distin- 
guished from  ordinary  conduction ;  and  to  be  able  to  combine  two 
metals  possessing  different  coefficients  of  expansion^  so  as  to  form  a 
compensating  pendulum. 

He  ought  to  know  the  meaning  of  latent  heat  and  of  specific  heat,  and 
to  illustrate  both  by  reference  to  ice,  water,  and  steam ;  he  ought  to 
be  able  to  show  the  influence  of  the  high  specific  heat  of  water  upon 
an  island  cUmate. 

He  ought  to  know  the  strict  physical  meaning  of  ebullition ;  and  the 
influence  of  pressure  upon  the  boiUn^  points  of  liquids ;  he  ought  to 
have  a  general  knowledge  of  the  origin  of  winds  and  clouds,  and  to  be 
able  to  explain  the  fact  that  the  rain-fall  upon  the  south-west  side  of  a 
mountain  chain  in  England  and  Ireland  is  much  more  copious  than 
on  the  north-east  side. 

Text  Books ; — See  next  subject. 

Subject  XX.— Magnetism  and  Electricity. 

Magnetism, 

The  candidate  ought  to  know  the  action  of  one  loadstone  upon  another 
which  is  freely  suspended,  or  set  afloat  upon  a  hquid ;  he  must  have  a 
perfectly  clear  notion  of  magnetic  polarity,  and  of  the  action  of  mag- 
netic poles  upon  each  other. 

He  must  know  the  difference  between  the  action  of  magnetised  and 
unmagnetised  steel  upon  a  magnetic  needle  ;  also  the  difference 
between  soft;  iron  and  nard  steel,  with  regard  to  their  acceptance  and 
retention  of  the  magnetic  condition.;  (coercive  force). 

He  must  be  able  clearly  to  state  the  condition  of  a  mass  of  soft  iron 
when  under  the  influence  of  a  ma^et,  and  in  virtue  of  which  condi- 
tion the  iron  is  attracted ;  (magnetic  induction). 

He  must  be  able  to  describe  the  action  of  the  earth  upon  a  magnetic 
needle;  must  know  the  meaning  of  declination,  incUnation  or  dip, 
and  of  secular  and  diurnal  variation ;  the  action  of  the  earth  upon  a 
bar  of  soft  iron  according  as  it  is  held  in  the  direction  of  the  dip  or  at 
right  angles  to  this  direction ;  fijially,  the  effect  of  percussion  in  ren- 
dering the  condition  assumed  by  the  bar  of  soft  iron  a  permanent  one. 

^le  ought  to  be  able  to  compare  accurately  the  strength  of  one  magnet 
with  that  of  another,  and  to  state  how  the  relative  intensity  of  the 
earth's  magnetism  at  two  points  of  its  surface  may  be  ascertained. 

Frictional  Electricity, 

The  candidate  ought  to  know  various  simple  ways  of  exciting  electricity 
to  be  clearly  informed  as  to  the  duplex  character  of  the  force ;  to 
know  the  condition  of  the  rubber  as  well  as  that  of  the  body  rubbed; 
and  to  be  conversant  with  various  forms  of  electroscopes  and 
electrometers. 

He  ought  to  know  the  foundation  of  the  terms  vitreous  and  resinous, 
positive  and  negative ;  to  be  able  to  illustrate  the  action  of  two  elec- 
trified bodies  upon  each  other ;  and  to  tell  at  once  whether  a  body  is 
positively  or  negatively  charged. 

He  ouf^ht  to  have  a  clear  knowledge  of  electric  conduction,  insulation, 
and  induction ;  and  be  able  to  explain  the  state  of  a  neutral  conductor 
when  acted  upon  by  an  electrified  body ;  he  ought  to  be  able  to  prove, 
experimentally,  that  though  we  cannot  by  breaking  a  magnet  obtain 
two  halves  each  with  a  single  pole,  we  can  by  breaking  an  electrified 
body  obtain  two  halves  each  charged  with  a  single  electricity. 
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He  ought  to  be  able  to  explain  the  influence  of  points  and  flames  when 
attached  to  an  electrified  conductor;  and  to  describe  the  action  of 
lightning  conductors. 

He  ought  to  be  able  to  describe  the  electric  machine,  and  the  elec« 
trophorus  ;  and  to  explain  the  action  of  the  condenser  and  of  the 
Leyden  jar. 

He  ought  to  be  able  to  state  the  principal  effects  of  the  electric  dis- 
charge ;  to  state  the  atmospheric  conditions  necessary  to  the  produc- 
tion of  a  thunderstorm ;  and  to  give  a  clear  account  of  the  so-called 
return  stroke. 

Voltaic  Electricity, 

The  candidate  ought  to  be  able  to  state  precisely  how  voltaic  electricity 
may  be  generated ;  to  describe  Volta's  pile,  and  his  crown  of  cups ; 
and  also  the  batteries  of  Daniell,  Grove,  and  Bunsen. 

He  must  have  a  clear  conception  of  what  is  meant  by  the  direction  of  an 
electric  current ;  and  be  able  to  illustrate  in  the  fullest  manner  the 
action  of  a  current  upon  a  freely  suspended  magnetic  needle.  Given 
the  direction  of  the  current,  he  must  be  able  to  state  how  the  needle 
moves ;  given  the  movement  of  the  needle,  he  must  be  able  to  infer 
from  it  the  direction  of  the  current. 

He  must  be  able  to  describe  fully  the  action  of  a  current  upon  soft  iron ; 
and  to  infer  from  the  direction  of  the  current  the  nature  and  positibn 
of  the  magnetic  poles,  which  it  excites. 

He  must  be  weU  acquainted  with  the  chemical  reactions  which  take  place 
both  in  the  batteries,  mentioned  above,  and  also  in  other  liquids 
through  which  the  current  may  be  sent. 

He  must  be  able  to  measure  the  strength  of  an  electric  current,  and  he  is 
strongly  recommended  to  master  thoroughly  the  law  of  Ohm,  regard- 
ing the  mutual  relations  of  electromotive  force,  resistance,  and  strength 
of  current. 

He  ought  to  be  acquainted  with  the  so-called  polarisation  of  metallic 
plates  between  which  a  current  passes  through  a  liquid,  and  to  show 
how  this  is  avoided  in  Grove's  battery. 

He  ought  to  be  able  to  give  a  clear  description  of  some  one  form  of  the 
electric  telegraph. 

He  ought  to  be  acquainted  with  the  physiological  effects,  and  with  those 
of  light  and  heat  produced  by  the  voltaic  current ;  and  to  show  the 
dependence  of  the  neat  on  the  strength  of  the  current,  and  on  the 
resistance  which  it  encounters. 

It  would  also  be  well  to  master  as  much  of  the  phenomena  of  induced 
currents  as  would  enable  the  candidate  to  explain  the  action  of  the 
galvanizing  apparatus  used  by  medical  men. 

Note. — The  candidate  will  perceive  that  this  list  is  long  because  the 
objects  to  which  he  is  to  devote  his  attention  arc  separately  specified. 
Definition  is  thus  given  to  his  studies  and  their  precise  scope  marked 
out  for  him.  He  is  itecommended  to  repeat  with  his  own  hands,  as  far 
as  it  is  in  his  power  to  do  so,  the  experiments  which  he  finds  described 
in  good  handbooks  of  Natural  Philosophy ;  this  will  ^ve  a  certainty  to 
his  knowledge  and  an  interest  to  his  pursuits  which  mere  reading 
can  never  confer.  The  first  requisite  demanded  of  him  on  his 
examination  will  be  that,  however  small  his  knowledge,  it  shall  be  well 
digested  and  sound. 

Text-Books : — Lardner's  Handbook  of  Natural  Philosophy  ;  Natural 
Philosophy,  by  Dr.  Golding  Bird  and  Mr.  Brooke. 
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subject : 


-Inorsaale  Chemifttrj. 


The  general  principles  of  chemical  philosophy.  Laws  of  combinatiou. 
Volume  weights.  Combining  weights.  Atoms  and  moleeules. 
Chemical  srmbols  and  their  use  in  the  explanation  of  chemical 
changes.    Quantivalence. 

The  non-metallic  elements : 

Hydrogen.  Water.  Chemical  composition  and  pronerties.  Adaptation 
for  domestic  purposes.    Hardness,  permanent  ana  temporary. 

Oxygen,     Combustion. 

Sulphur,  Sulphuretted  hydrogen.  Sulphurous  acid,  sulphuric  acid, 
hyposulphurous  acid,  hyposulphuric  acid.  Manufacture  of  oil  of 
Yitriol.    Bisulphide  of  carbon. 

Chlorine.  Hydrochloric  acid.  Hypochlorous  acid.  Bleaching  agents 
and  theory  of  bleaching.  Chloric  acid  and  percliloric  acid.  Chloride 
of  nitrogen.     Chlorides  of  carbon. 

Bromine.    Hydrobromic  acid  and  bromic  acid. 

Iodine.    Hydriodic  acid.    Iodic  acid,  periodic  acid. 

Fluorine.    Hydrofluoric  acid. 

Nitrogen,    Ammonia.    The  oxides  of  nitrogen. 

Phosphorus.  Phosphoretted  hydrogen.  Hypophosphorous  acid,  phos- 
phorous acid.  Tne  several  modifications  of  phosphoric  acid :  ordinary 
phosphoric,  pyrophosphoric,  and  metaphosphorio  acids.  Theory  of 
polybasic  acids.    Chlorides  of  phosphorus.    Manu&cture  of  matches. 

Carbon.  Marsh  gas.  Carbonic  oxide.  Carbonic  acid.  Olefiant  gas. 
Manufacture  of  coal  gas.     Nature  of  flame. 

Silicium,    SiUcietted  hydrogen  and  silicic  acid.    Hydrofluosilicic  acid. 

Boron  and  boracic  acid. 

The  metals :  Potassium,  Manufacture  of  nitre.  Manufiftcture  of  gun- 
powder. Theory  of  the  action  of  gunpowder.  Sodium,  Manufacture 
of  soda. 

Barium.     Strontium,     Calcium,    Mortars. 

Spectrum  analysis  ;  its  principles  and  applications. 

Magnesium,  Aluminium,     Manufacture  of  glass  and  porcelain. 

Manganese,  Iron,  Composition  and  properties  of  cast  iron,  wrought 
iron,  and  steel. 

Cobalt,  Nickel.  Chromium,  Zinc.  Cadmium,  Copper,  Lead.  Manu- 
fecture  of  white  lead. 

Bismuth,  Mercury,  Tin,  Arsenic.  Course  of  analysis  in  cases  of 
poisoning. 

Antimony,  Silver,  Gold,  and  platinum.  Principal  compounds  of  the 
metals  with  the  non-metallic  elements. 

Outline  of  qualitative  analysis.    Reactions  of  the  principal  mineral 
adds  and  bases.    Course  pui^ued  in  the  apptication  of  these  reactions 
to  the  analysis  of  a  mixture  of  several  acids  and  bases. 
The  following  is  a  list  of  Apparatus  and  Re-agents  which  Candidates 

wiU  find  useful  in  analysis : — 


Test  tubes  and  stand. 
Metal  filter  stand. 
Wash  bottle  containing 

distilled  water. 
Spirit  lamp. 
Black  blowpipe. 
Charcoal -for  blowpipe 

experiments. 


Apparatus. 
Iron  spoon. 
Tongs. 

Pestle  and  mortar. 
Porcelain  dishes. 
Watch  glasses. 
Porcelain  crucible. 
Triangles. 
Test  tube  cleaner. 


Platinum  wire  and  foil 

Funnels. 

Cut  filters. 

Sulphuretted  hydrogen 
apparatus. 

Platinum  crucible. 
^Herapath's  blowpipe. 
*St£rrmg  rods. 
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Sulphuric  acid. 
Hydrochloric  acid. 
Nitric  add. 
Hydrosulphuric  acid. 
Potassa. 
Ammonia. 

Ammonium,  chloride. 
Ammonium,  sulphide. 
Ammonium,  carbonate. 
Ammonium,      molyb- 
date. 

Sodium,  carbonate. 
Potassium,  nitrate- 
Potassium,  cyanide. 
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Rb-agbnts. 
/»  the  liquid  state. 

Ammonium,  oxalate. 

Sodium,  phosphate. 

Barium,  chloride. 

Calcium,  chloride. 

Lime  water. 

Calcium,  sulphate. 

Potassium,  sulphate. 

Magnesium,  sulphate. 

Potassium,  chromate. 

Oxalic  acid. 

Tartaric  acid. 

In  the  solid  state. 
I  Borax. 
!  Lime. 
I  Iron,  sulphate. 


Acetic  add. 
Hydrofluosilicic  acid. 
Lead,  acetate. 
Iron,  sesquichloride. 
Potassium,      ferrocya- 

nide. 
Potassium,        su^ho- 

cyanide. 
Platinum,  chloride. 
Silver,  nitrate. 


Blue   and  red   litmus 
paper. 


Subject  XX. — Org'anic  Chemistry. 

Definition  of  organic  bodies.  Their  ultimate  analysis.  Calculation  of 
an  empirical  formula.  Methods  of  controlling  an  empirical  formula. 
Determination  of  the  molecular  weights  of  organic  acids  and  bases. 
Determination  of  the  vapour-density  of  volatile  bodies.  Law  of  sub- 
stitution.    Synthesis  of  organic  compounds. 

The  chemical  history  of  the  Cyanogen  group.  Cyanogen.  Hydrocyanic 
acid.  Cyanic  acid  and  urea.  Fulminates.  Cyanuric  acid.  Sulpho- 
cyanic  acid.    Chlorides  of  cyanogen. 

Amylaceous  and  saccharine  substances.  Fermentation.  Alcohol,  and 
its  homologues.  Ethers,  simple  and  mixed.  Oxidation  of  alcohol. 
Aldehyde  and  acetic  acid,  and  their  homologues.  Chloride  of  acetyl. 
Anhydrides,  simple  and  mixed.  Compound  ethers.  Diatomic  alcohols 
and  their  adds.  Glycol  and  oxalic  add.  Triatomic  alcohols.  Glycerine. 
Fatty  and  oily  bodies. 

Tartaric  and  citric  acids.    Tannic  acid. 

Aromatic  bodies.  Benzoic  alcohol,  aldehyde,  and  acid;  their  deri- 
vatives, thdr  homologues.  Salicylous  and  salicylic  acid.  Gallic  and 
cinnamic  add.     Hippuric  acid. 

Ammonia  and  its  derivatives.  Amides  and  amines  :  their  classification. 
Examples  of  natural  alkaloids. 

Prindpal  colouring  matters.  Indigo  and  its  derivatives.  Examples  of  pro- 
ducts formed  by  destructive  distillation.  Colours  derived  from  coal  tar. 

The  chief  constituents  of  the  vegetable  and  animal  organism,  fibrin, 
albumen,  casein,  &c. 

The  chemical  prindples  of  a^culture. 

llie  chemical  principles  of  the  process  of  nutrition  and  respiration  in 
the  animal  organism. 

Text-books.  —  Graham's  Elements  of  Chemistry ,  Miller's  Elements  of 
Chemistry y  Fownes'  Manual  of  Chemistry,  Bloxam's  Chemistry ,  Inor- 
ganic and  Organic,  Galloway's  First  and  Second  Steps  in  Chemistry, 
Williamson's  Chemistry  for  Students,  Frankland's  Lecture  Notes, 
Roscoe's  Lessons  in  Elementary  Chemistry. 

Subject  XZZ.—Geology. 

General  Principles. 

1.  The  division  of  rocks  into  three  great  classes,  aqueous,  igneous,  and 
metamornhic. 

2.  The   moae    of  formation    of  stratified    rocks,  such   as'  ordinary 
marine  istrata  of  shales,  sandstones,  conglomerates  and  limestones 
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— delta  fbnnations— fresh  water  and  terrestrial  beds,  and  the  signs  by 
which  you  can  distinguish  these,  such  as  the  nature  and  mode  of  the 
occurrence  of  the  genera  of  animals  and  plants  that  are  found  in 
them. 

3.  The  theories  of  central  heat,  and  of  the  consolidation  of  the  earth 
from  a  etate  of  igneous  fusion. 

4.  The  mode  of  occurrence  of  igneous  rocks,  intrusive  bosses,  lavas, 
volcanic  ashes,  and  d^kes. 

5.  Volcanoes  and  volcanic  phenomena ;  the  origin  of  volcanoes  and  the 
cause  of  eruptions. 

6.  Elevation  and  depression  of  land ;  the  distribution  and  origin  of 
mountain  chains.  Denudation  of  the  earth's  surface,  origin  of 
valleys,  &c. 

/•  The  ordinary  mineral  substances  that  enter  into  the  composition  of 
rocks,  such  as  granites,  diorites,  basalts,  &c.  Gneissic  rocks,  sand- 
stones, slates,  .shales,  clays,  &c.  The  origin  of  limestones.  The 
origin  of  mineral  veins  or  lodes. 

8.  Fossilization  of  organic  bodies. 

9.  Table  of  geologiool  formations,  including  those  larger  divisions 
absent  in  Britain. 

10.  Theory  of  metamorphism  of  rocks.     Origin  of  cleavage. 

11.  Explanation  of  geological  terms. 

12.  Definition  of  zoological  terms  used  in  geology,  such  as  genus, 
species,  bivalve  and  univalve  shells,  cephsdopod,  brachiopod, 
palaeozoic,  &c.  &c. 

13.  The  meaning  of  breaks  in  the  succession  of  life  (changes  of  genera 

and  species)  in  the  different  formations. 

Stratified  Formations,  SfC. 

1.  Description  of  the  Cambrian  and  Silurian  strata,  their  physical 
characters,  fossils,  and  any  unconformities  that  exist  in  the  British 
Silurian  strata. 

2.  Description  of  the  Old  red  sandstone  and  Devonian  rocks,  character  s 
and  fossils.  Slate  and  slate  quarries,  building-stones,  limestones, 
and  marbles  of  these  and  the  Silurian  formations. 

3.  llie  Carboniferous  limestone  and  Coal-measure  series.     Character, 

fossils,  and  mode  of  formation.  Nature  of  the  plants  of  the  Coal- 
measure  epoch.  Their  mode  of  growth.  Origin  of  coal,  its  mode  of 
occurrence,  and  how  the  vegetable  matter  became  changed  into  coal. 
Mode  of  occurrence  of  the  ironstone  of  the  Coal-measures.  Various 
kinds  of  coal,  and  the  relation  of  anthracite  coal  to  disturbance  of 
strata.  Limestone  quarries,  marbles,  and  building-stones.  Clay  pits 
and  potteries  of  the  Carboniferous  strata.  Fire  clay.  Alum  shale,  &c 
A,  The  Permian  rocks.  Their  stratigraphical  relations  to  the  underlying 
strata,  composition  of  rocks,  fossils,  and  building-stones.  Great 
break  in  the  succession  of  life  between  the  Palaeozoic  and  Mesozoic 
or  secondary  strata. 

5.  The  New  red  sandstone  (or  Trias),  its  subdivisions,  fossils,  building- 

stones,  sand  pits.     Origin  of  rock  salt  and  brine  springs. 

6.  llie  Rhetic  beds  and  Lias,  their  subdivisions,  fossils,  building-stones 
and  hydraulic  limestones,  and  clay  pits. 

7.  Oolitic  rocks.  Subdivisions,  leading  marine  and  land  fossils.  Lime- 
stones, clay  pits,  coal,  jet  and  other  economic  products. 

8.  The  Purbeck  and  Wealden  strata.  Origin,  subdivisions,  chief  fossils, 
building-stones,  and  marbles.  Ironstones  and  limestones.  Clays. 
Great  break  in  the  succession  of  marine  fossils  between  the  Oolitic 
and  Cretaceous  strata. 

9.  Cretaceous  rocks.  Subdivisions,  lithological  characters,  fossils 
building  stones  of  Lower  Greensand.    Gault,  its  phosphatic  nodules 
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and  grenenJ  uses.  Upper  greensand,  chalk,  &c.  Building  stones. 
Origin  and  uses  of  chalk-ilints.  Great  break  in  the  succession  of 
marine  fossils  between  cretaceous  and  eocene  strata. 

10.  Eocene,  or  older  Tertiary  beds.  Subdivisions,  alternation  of  marine 
and  freshwater  beds,  chief  fossils,  limestones  and  building  stones, 
clays  for  bricks  and  potteries. 

11.  Miocene  or  middle  tertiary  strata,  marine  and  freshwater,  fossils,  &c. 

12.  Crag.  Its  subdivisions,  chief  fossils.  Origin  of  its  phosphatic 
remains. 

15.  The  glacial  period,  boulderclay,  and  evidence  of  old  glaciers  in  Britain, 
&c.     River  gravels,  &c.  of  post-tertiary  age,  and  their  contents. 

14.  Disturbance  and  denudation  of  strata  m  successive  periods,  &c, 

15.  Unconformities,  faults,  and  fractures. 

16.  The  causes  of  gaps  in  the  succession  of  strata,  or  of  breaks  in  the 
succession  of  life  in  time. 

17.  Water-bearing  strata,  and  underground  drainage.  Artesian  and 
other  wells.  ^ 

18.  British  rocks  in  which  ores  of  metal  are  found,  and  the  general  mode 
of  occurrence  of  these  ores  in  t)eds  of  solid  rock,  in  superficial 
detritus  and  in  lodes. 

19.  The  rules  that  ought  to  guide  the  miner  in  sinking  for  coal  and 
other  minerals,  when  the  beds  in  which  they  lie  are  concealed  by 
over-lying  and  unconformable  strata. 

Text-books. — Lyell's  Principles  of  Geology :  Lyell's  Elements  of  Geology  : 
Phillips*  Manual  of  Geology;  Jukes*  Manual  of  Geology  j  Juke*s 
Geology  for  Schools:  Page's  Introductory  Text-Book;  Page's  Ad- 
vanced Text-Book:  Ramsay's  Physical  Geology  and  Geography  of 
Great  Britain:  Woodward's  Recent  and  Fosstl  Genera  of  Shells* 

Subject  XZZZ. — Mineralogy. 

A.  Instruction  in  this  subject  should  commence  \\nth  a  distinct  under- 

standing of  the  characters  by  which  minerals,  properly  so  called, 
are  to  be  distinguished  from  other  inorganic  substances,  and  of  the 
position  of  this  science  in  relation  to  the  collateral  sciences  of 
physics,  chemistry,  and  geology. 

B.  Crystallography,  as  the  essential  means  of  appreciating  the  forms 

naturally  assumed  by  almost  aU  inorganic  bodies,  must  commence 
with  tke  needful  geometrical  definitions, .  proceed  to  the  grouping 
of  the  various  crystalline  forms  into  systems,  consider  the  laws  by 
which  the  derivation  of  one  form  from  another  within  the  limits 
of  the  same  system  is  determined,  and  explain  the  combination  of 
various  simple  forms  in  the  faces  exhibited  by  compound  crystals. 
It  is  also  important  to  study  the  deviations  irom  regularity  which 
arc  commonly  presented  in  nature,  and  the  methods  of  measuring 
those  elements  which  remain  constant. 

c.  The  various  kinds  of  aggregation  exhibited  by  crystalline  substances 
are  also  to  be  considered,  especially  with  reference  to  masses  of  the 
useful  minerals,  and  of  crystalline  rocks. 

D.  Next  in  order  will  follow  the  other  physical  characters  of  minerals  ; 
1st,  in  relation  to  their  substance,  as  cleavage,  fracture,  hardness,  and 
specific  gravity :  2ndly,  in  relation  to  the  effects  of  light,  as  trans- 
parency, refraction,  lustre,  and  colour  j  3rdly,  as  to  their  electric 
and  magnetic  properties. 

B.  The  chemical  characters  of  minerals,  and  the  most  convenient  modes 
of  testing  them;  1st,  by  aid  of  the  blowpipe;  2ndly,  by  the 
moist  way. 

V,  Pseudomorphism,  or  the  remarkable  phenomena  presented  by  minerals 
which  have  the  composition  of  one  mineral  coupled  with  the  form 
of  another. 
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o.  The  pfh^ography  or  systematic  description  of  minenb.  This  last 
division  should  include  all  the  more  remarkable  varieties  as  well  as 
species,  and  should  take  especial  note  of  the  modes  and  places  of 
occorrence,  as  well  as  of  the  association  of  particular  groups  of 
minerals  in  certain  veins  or  formations. 

As  text-books  may  be  recommended — 
Professor  Ansted's  Elementary  Course  of  Mineralogy  and  Geology. 
London.  1856. 
Nicol's  Elements  ofMineralt^y.    Edinburgh,  1858. 
Dana's  Manual  of  Mineralogy,  1851. 
Bristow's  Dictionary  of  Minerals,    Longman  &  Co.  I86U 

For  more  advanced  students — 
Brooke  and  Miller's  Mineralogy.    London,  Longman,  1852. 
On    Crystallography,      Rev.  W.  Mitchell,  in  Orr's  *' Circle  of  the 
Sciences"    London,  1856. 
Dana's  System  of  Miner af&gy.    4th  edition.    Putnam,  1854. 
Naumann's  Mineralogie,    Leipzig.    Williams  and  Norgate,  London. 
Breithaupt*s  Paragenesis  der  Mineralien.     Freiberg,  1849. 
Haidinger's  Handbuch  der  Mineralogie,    Vienna,  1845. 

When  it  is  intended  to  teach  this  subject  with  special  reference  to  the 
practical  working  of  minerals,  the  physiographical  part  will  be  occupied 
more  particularly  with  certain  of  the  use&  species  and  their  associated 
substances,  and  the  following  works  may  be  consulted  : — 

W.  J.  Henwood  on  the  Metalliferous  Veposits  of  Cornwall  and  Devon, 
1843. 

Bischof,  Chemical  and  Physical  Geology,  translated  by  the  Cavendish 
Society.    1854. 

Subject  XXV.— Animal  Physiology. 
Candidates  must  be  prepared  to  answer  questions  upon  the  foUowing 
points  in  Human  Anatomy  and  Physiology : — 

The  plan  of  the  human  body  and  the  arrangement  of  its  parts. 

The  meaning  of  the  terms  organ  and  tissue. 

The  general  structure  and  disposition  of  the  principal  organs  and 
tissues. 

The  ultimate  chemical  composition  of  air,  water,  carbonic  acid, 
urea ;  of  protein,  fat,  starch,  and  sugar ;  of  bone-earth  and  horn. 

The  meaning  of  the  term  function. 

The  general  working  of  the  body  considered  as  an  engine;  its 
waste,  and  the  mode  in  which  that  waste  is  made  good. 

The  particular  functions  of  the  different  organs. 

The  structure  and  working  of  the  heart  and  blood  vessels. 

'ITie  nature  of  the  lymphatics  and  lacteals. 

The  course  of  the  circulation  of  the  blood,  and  the  evidence  tliat 
it  circulates. 

The  pulse  and  the  sounds  of  the  heart. 

The  regulation  of  the  circulation  by  the  nervous  system. 

The  structure  and  properties  of  blood  corpuscles. 

The  process  of  the  coagulation  of  the  blood. 

The  proximate  chemicsd  constituents  of  the  blood,  and  the  uses  of 
that  fluid. 

The  difference  between  arterial  and  venous  blood.  The  way  in 
which  that  difference  is  brought  about.  The  working  of  the  chest 
and  lungs  in  respiration. 

The  difference  in  chemical  composition  between  inspired  and 
expired  air.  The  daily  loss  of  carbon  and  gain  of  oxygen. 
Stationary  and  tidal  air.  ~  ... 
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The  respiratory  murmurB.  The  nature  of  asphyxia,  and  the 
necessity  for  fresh  air. 

The  structure  and  uses  of  the  kidneys.  The  daily  loss  of  nitrogen 
in  the  shape  of  urea,  of  uric  acid  and  of  saline  matters,  by  the 
kidneys. 

The  structure  and  uses  of  the  skin. 

The  relations  of  the  lungs,  skin,  and  kidneys. 

The  structure  and  uses  of  the  liver.    The  nature  of  the  bile. 

The  devdopment,  distribution,  and  regulation  of  the  heat  of  the 
bo^. 

Ine  composition  of  aliments:  proteids,  fats,  amyloids,  and  minerals. 

Essential  and  accessory  alimentary  substances.  Economy  of  a 
mixed  diet. 

The  digestion  and  absorption  of  aliments. 

Cilia  and  muscles ;  their  structure  and  properties.  The  levers  of 
the  body.    The  structure  of  joints.    Locomotion. 

The  structure  and  working  of  the  larynx.    Voice  and  speech. 

The  muscular  sense.  The  organs  of  the  higher  senses,  touch, 
taste,  smell,  hearing,  and  sight,  and  the  manner  in  which  they 
intermediate  between  the  cause  of  the  sensation  and  the  expansion 
of  the  nerve.  The  adjustment  of  the  eye  to  distances.  The  theory 
of  the  stereoscope. 
•  Simple  and  compound  sensations. 

Au(ntory  and  ocular  spectra.    Auditory  and  optical  delusions. 

The  general  structure  of  the  nervous  system.  The  properties  of 
nerves,  and  of  the  spinal  cord,  brain,  and  sympathethic.  Vasomoter 
nerves. 

Reflex  actions,  natural  and  acquired. 
Text-books  for  Physiology. — Carpenter's  Animal  Physiology  j  Korke's 
Manuals  Huxley's  Lessons  in  Elementary  Physiology, 

Subject  XV.— SSoology. 

1.  Candidates  should  have  carefully  mastered  the  definitions  of  the 

sub-kingdoms,  classes,  and  orders  of  the  Animal  Kingdom.  They 
should  understand  and  be  able  to  explain  the  meaning  of  the  terms 
employed  in  such  definitions ;  and  they  should  be  able  to  refer  any 
specimens  that  may  be  placed  before  them  to  their  proper  classes. 

2.  Candidates  should  be  prepared  to  give  fair  answers  to  questions 

relating  to  any  or  all  of  the  following  subjects,  and  they  should  be 
able  to  identify,  refer  to  their  proper  orders,  and  if  called  upon 
•  to  do  so,  describe,  the  objects  enumerated  in  each  section  under  the 
head  of  "  types."  In  almost  all  cases  these  "  types  "  are  British 
animals. 

By  the  term  Natural  History,  of  such  and  such  an  object,  is  meant 
such  an  account  of  it  as  is  to  be  found  in  any  standard  modern  work  on 
Zoology. 

i.  The  structure  and  mode  of  multiplication  of  infusorial  animal- 
cules and  Foraminifera.  The  arguments  which  have  been  adduced 
for  and  against  spontaneous  generation.  The  luminosity  of  the 
sea,  and  me  nature  of  the  creatures  which  chiefly  cause  it.  The 
natural  history  of  the  sponge  of  commerce.  Types — Spongia, 
Vorticella. 

ii.  The  meaning  of  the  terms,  zoophyte,  coral,  coralline.  Natural 
history  of  the  red  coral  of  commerce.  Common  coral  and  coral 
reefs.  What  such  reefs  are,  where  they  are  formed,  and  how  they 
grow.  Natural  history  of  the  common  freshwater  polype,  or  hydra, 
and  of  the  "  jelly  fishes,"  or  "  medusae "  of  the  sea.  A  sexual 
multiplication  as  exhibited  by  these  creatures.  Types — Hydra, 
Sertularia,  Plumularia,  Actinia,  Corallium,  Fungia,  Oculina, 
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iii.  Starfishes,  sea  urchins^  and  HolothuruB ;  their  structure  and 
habits,  and  the  metamorphoses  which  they  undergo.  Natural  and 
economical  history  of  Trepang.    Types — Uraster,  Echinus, 

iv.  Natural  history  of  the  earthworm  and  the  leech.  Intestinal 
worms;  their  structure,  propagation,  and  mode  of  entrance  into 
animal  bodies.  Natural  history  of  the  Rotifera,  Types — Immbri- 
CU8,  Hirudo,  Distoma,  Tania,  Ascaris, 

V.  Natural  history  of  Crustacea,  The  lobster  and  crayfish,  as 
exemplifying  morphological  and  teleological  laws.  The  process  of 
ecdysis.  Barnacles,  acorn  shells,  and  fish  lice,  as  cases  of  extreme 
metjEimorphosis.  The  water  flea  as  exemplifying  asexual  multipli- 
cation. Types — Cancer,  Homarus,  Astacus,  Oniscus,  Daphnia,  Cy^ 
clops,  Lepas,  Balanus,  Argulus, 

vi.  Natural  history  of  spiders,  scorpions,  and  mites.  The  "  itch 
insect,"  centipedes,  and  millipedes.  Types — Tegenaria,  Scorpio^ 
Scolopendra,  Julus, 

vii.  Insects ;  their  mode  of  breathing  as  contrasted  with  that  of 
spiders  and  crustaceans.  The  structure  of  their  \idngs,  and  the 
mechanism  of  flight.  The  parts  of  the  mouth  and  their  modifi- 
cations in  beetles,  bees,  butterflies,  bugs,  and  gnats.  Structure  of 
the  eyes.  Nature  of  stings,  saws,  and  ovipositors.  Natural  and 
economic  history  of  the  blistering  beetle,  of  the  silk  moth,  of  the 
bee,  of  the  cochineal  insect.  Natural  history  of  plant  lice,  of  bugs, 
fleas,  and  lice.  The  house  fly,  blow  fly,  and  gnat;  wasps,  humble 
bee,  ichneumon  flies ;  "  black  beetles,"  crickets,  and  locusts.  The 
metamorphoses  of  insects.  Types — Melolontha,  Blatta,  UbeUula, 
Phryganea,  Coccus,  Aphis,  Bombyx,  Apis,  Vespa,  Musca, 

viii.  The  characteristic  peculiarities  of  the  nervous,  circulatory, 
respiratory,  and  locomotive  organs  of  mollusks  in  general.  Orga- 
nization of  "  sea  mat "  (Flustra).  Ascidians  and  "  lamp  shells  " 
(Terehratula).  Natural  history  of  fresh-water  and  marine  mussels. 
Nature  of  mother  of  pearl.  Formation  of  pearls.  Pearl  fishery. 
Natural  and  economical  history  of  the  oyster.  Organization  of  snails 
and  slugs,  periwinkles,  limpets,  whelks.  Development  of  the  young 
of  the  latter.  Nidamental  capsules.  Cuttlefishes  and  squids. 
Paper  nautilus.  Pearly  nautilus.  The  shipwonn  and  Pholas, 
Mechanism  by  which  mollusks  bore.  Types — Flustra,  Ascidia, 
Terehratula,  Unio,  Mytilus,  Ostrea,  Pecten,  Helix,  Patella,  Ldtlorina, 
Buccinum,  Chiton,  Sepia,  Loligo,  Argonauta,  Nautilus. 

ix.  Circulatory,  respiratory,  and  reproductive  organs  of  fishes. 
Their  dentition.  Natural  and  economical  history  of  the  lamprey, 
sprat,  sardine,  herring,  pilchard,  salmon,  trout,  eel,  cod,  haddock, 
sole,  flounder,  turbot,  mackerel,  tunny,  sturgeon,  skate,  ray,  dog 
fish,  shark.  Electrical  fishes.  Fishes  which  are  capable  of  living 
in  air.  Pisciculture,  or  the  artificial  breeding  of  fishes.  Types — 
Amphioxus,  Petromyzon,  Syngnathus,  Cyprinus,  Perca,  Accipenser, 
Lepidosteus,  Raia,  Spinax. 

X.  Natural  history  of  salamanders,  newts,  frogs,  and  toads. 
Metamorphoses  undergone  by  their  young.  Types — Salamandra, 
Triton,  Eana, 

xi.  Circulatory  and  respiratory  organs  of  reptiles  as  distinguished 
from  those  of  fishes  and  amphibia.  Natural  history  of  snakes, 
lizards,  crocodiles,  turtles,  and  tortoises.  Tortoise-shell.  Shedding 
of  the  skin  in  reptiles.  Types — Coluber,  Pelias,  Anguis,  Lacerta, 
Crocodilus,  Testudo,  Chelone, 

xii.  Organs  of  locomotion,  respiration,  voice,  circulation,  and  re- 
production  of  birds.     Structure  and  mode  of  growth  of  feathers. 
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Development  of  the  fowl's  egg.  Artificial  hatching.  Migration, 
and  instincts  of  birds.  Natural  history  of  domestic  birds ;  of  the 
ostrich,  the  apteryx,  the  penguin,  and  the  dodo.  Types— -F«/co, 
Conms,  Columba,  Picus,  PhasianitSy  Ardea,  Struthio,  Ansei\ 

xiii.  Organs  of  respiration,  circulation,  and  reproduction  of 
mammals.  Production  and  nutrition  of  their  young.  Placental 
'and  implacental  mammals.  Nature  of  milk  and  of  the  lacteal 
glands.  Peculiarities  in  the  dentition  of  mammals.  Natural  and 
economic  history  of  the  domestic  mammals  j  of  the  ivory  and  fur 
yielding  mammals;  of  seals;  of  whales.  The  hybernation  and 
migration  of  mammal*.  Characters  of  the  orders  of  mammals. 
Types — Cercopithecus,  Vespertilio,  Erinaceus,  Lepus^  ElepKas,  Sus, 
Cervus,  Bos,  Ovis,  Felts,  Phoca,  Phoccena,  Dasypus,  Halmaturus, 
Omithorhynchus, 

xiv.  The  distinctive  peculiarities  of  man.  The  characters  of  the 
principal  races  of  mankind,  and  their  geographical  distribution. 
Text-books  for  Zoology. —  Dallas's  Natural  History  of  Animals  in  Orr's 
Circle  of  the  Sciences j  Goase's  Manual  of  Marine  Zoology;  Pro- 
fessor Greene's  Manual  of  the  Protozoa;  Rymer  Jones's  Animal 
Kingdom. 

Subject  XVX. — Vegretable  Pby-slologry  and  ISconomlc  Botansr. 

In  this  department  the  candidate  will  be  expected  to  answer  correctly 
questions  on  the  following  points : — 

1.  The  properties  of  the  principal  elements  entering  into  the  composition 

of  plants.  Carbon,  oxygen,  hydrogjen,  nitrogen,  sulphur,  phos- 
phorus, chlorine,  iodine,  silicon,  potassium,  sodium,  calcium,  iron. 

2.  The  composition   and  properties   of   the  compounds  forming  the 

principal  part  of  the  structure  of  plants.  Cellulose,  starch,  dextrine, 
sugar,  fixed  oil,  gluten,  albumen,  caseine.  The  saline  compounds 
forming  the  ashes  of  plants. 

3.  The  composition  and  properties  of  peculiar  vegetable  products.  Vo- 
latile oils.  Acids.  Colouring  matters.  Alkaloids.  Neutral  principles. 
Chlorophyll. 

4.  The  origin  and  gro'.vth  of  the  vegetable  cell.    The  tissues  of  plants 

Cellular  tissue.  Intercellular  organs.  Epidermal  tissue.  Hairs 
Stomates.     Vascular  tissue.    Woody  tissue. 

5.  The  structure  and  functions  of  the  organs  of  plants.    The  root. 

Spongioles.  Absorption  and  excretion.  Nature  of  vegetable  food. 
The  stem.  Structure  of  Exogenous,  Endogenous,  and  Acrogenous 
stems.  The  leaf.  The  forms  of  leaves.  Exhalation.  Stipules  and 
bracts.  The  flower.  Calycine,  CoroUal,  Staminal,  and  Carpellary 
leaves.  Development  and  nature  of  pollen.  Ovules  or  seed  buds.  * 
Vegetable  impregnation.  Embryo.  Seed.  Fruits ;  their  nature  and 
forms.    Tlie  nature  of  the  reproductive  organs  in  flowerless  plants. 

6.  The  composition  and  nature  of  vegetable  substances  used  by  man 

as  food.  Distinctions  between  heat- giving  and  flesh-forming  foods. 
Structure  and  geographical  distribution  of  plants  yielding  starch, 
sugar,  oil,  gluten,  albumen,  and  legumin. 

7.  Properties  of  vegetable  substances  used  in  the  arts  and  manufactures. 
Vegetable  secretions  used  as  dyes. — Indigo,  madder,  logwood,  red 
Sanders  wood,  quercitron,  alkanet,  amotto,  gall-nuts,  myrobolans. 

8.  Materials  used  in  the  manufetcture  of  textile  fabrics. — Cotton,  flax, 
hemp,  COCO' nut,  jute.  New  Zealand  flax. 

9.  Principal  forms  of  timber  trees,  and  their  uses. — Oak,  mahogany, 
teak,  pine,  &c. 

10.  Nature  of  tanning  principles  and  plants  yielding  tannic  acid. — Oak- 
bark,  valonia,  catechu,  kino,  divi-divi,  betel-nut. 
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11.  Gums,  oils,  and  resins  used  in  arts. — Gum  arable,  benzoin,  rosin, 
turpentine,  camphor,  essential  oils,  coco-nut  oil,  palm  oil,  other 
fixed  oils,  caoutchouc,  gutta  pertsha. 

12.  Substances  obtained  from  the  vegetable  kingdom  and  used  as  medi- 
cines.— Opium,  quinine,  tobacco,  jalap,  scammony,  gentian,  aloes, 
rhubarb,  senna,  ipecacuanha,  sarsapariUa,  castor-oil,  assafcetida, 
myrrh,  nux  vomica,  hemlock. 

Text-books  for  Vegetable  Physiology  and  Economic  Botany. — Henfrey*s 
Elementary  Course  of  Botany  j  Van  Voorst.  Carpenter's  Vegetable 
Physiology y  edited  by  Dr.  Lankester;  Bohn.'  Schleiden's  Prin-^ 
ciples  of  ScierUific  Botany  ;  Bohn.  A  Manual  of  Structural  Botany 
by  M.  C.  Cooke.  Archer's  Popular  Economic  Botany  j  Reeve  and 
Co.  lindley's  Medical  and  (Economical  Botany;  Bradbury  and  Evans. 
Subject  XVZZ. — Sjrsteinatlc  Botany. 

In  this  department  the  candidate  will  be  expected  to  demonstrate  the 
structure  of  plants  from  living  specimens. 

1.  The  distinctions  between  the  three  great  classes  of  plants.  Dico- 
tyledons, Monocotyledons,  and  Acotyledons.  Also  of  the  groups 
Gymnosperms,  Rhizanths,  Dictyogens,  Acrogens,  and  Thallogens. 

2.  The  characters  of  the  following  orders  of  British  plants  should  be 
mastered,  and  the  typical  genera  recognized,  and  their  structure 
understood, 

3.  Alg(s,  The  natural  history  and  uses  of  sea-weeds.  The  microscopic 
structiure  of  diatoms  and  desmids.  Nature  of  the  reproductive 
organs  in  this  order.  Types — Navicula,  Desmidium,  Conferva,  Fuctus, 
Ceramium. 

4.  Lichens.  The  natural  history  and  uses  of  lichens.  Structure  of  their 
reproductive  organs.    Types — Chaphis,  CoUema,  Parmelia. 

5.  Fungi.  The  natural  history  of  mushrooms,  puff-balls,  moulds,  blights, 
and  toadstools.  Their  uses  in  nature.  Types — Agaricus,  Bovista, 
Torula,  Aspergillus,  Morchella,  Mucor. 

(5.  Mosses.  The  nature  of  their  reproductive  organs.  Types  —Bryum, 
Sphagnum,  Funaria. 

7.  Ferns.     Nature  of   their  rhizomes.      Herbaceous  and  tree  ferns. 

History  of  Development,  and  nature  of  reproductive  organs.  Types 
— Polypodium,  Hymenophyllum,  Osmunda. 

8.  Graminace<B.  The  history  of  grasses  and  their  uses.  Nature  of  the 
flower  in  this  order.  Useful  plants  of  the  order.  Types — Phleum, 
Hydrochloa,  Panicum,  Agrostis,  Arundo,  Spartina,  Avena,  Festuca, 
Hordeum,  Triticum,  Secale,  Nardus,  Anatherum. 

9.  Cyperacea.    Sedges.    Types — Carex,  Scirpus. 

10.  LiliacecB.     The  lily  tribe,  its  useful  properties.      I'ypes — TuUpa, 

Ornithogalum,  Muscari. 

11.  Amaryllidacea.  The  family  of  the  narcissus,  snow-drop,  snow-flake. 
Types — Narcissus,  Galanthus. 

12.  Orchidacea.  The  orchis  family.  Structure  of  reproductive  organs. 
Types — Orchis^  Goodyera,  Malaxis,  Cypripedium. 

13.  Amentacets.  The  family  of  the  hazel,  chestnut,  oak,  willow,  birch, 
beech,  poplar,  and  hornbeam.  The  uses  of  these  plants  as  timber, 
&c.  l^pes — Quercus,  Coryhts,  Fagus,  Castanea,  Betula,  Myrica, 
Salix,  Populus. 

14.  UrticaceiB.  The  nettle  and  hop  tribe.  Its  relations  to  Moracea, 
Artocarpaca,  Cannabinace^e,  and  Ulmacea.  The  nature  of  the 
stints  of  Urtica,  and  the  bitter  principle  of  the  hop.  Types — UrHca^ 
Partetaria,  Hamulus. 

15.  Euphorbiace<B.    The  spurge  family.    Foreign  forms  and  their  uses. 

Croton,  CascariUa,  Ricinus,  Janipha.    Apetalous  and  Polypetalous 
forms.    Types — Euphorbia,  Bums, 
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16.  Polffffonacem.  The  buckwheafc  and  rhubarb  tribe.  Types— Pofy- 
gonum,  Rumex, 

17.  Primuiaeea,  The  primrose  fkmily.  Theory  of  the  peculiar  position 
of  stamens.    Types — Primula,  Lysimachia, 

18.  LabiattB,    The  dead  nettle  tribe.     Peculiar  properties  of  this  order. 

T^es — Mentha,  Salvia,  Thymus,  Nepeta,  Lamium,  Teuvrium, 

19.  Scrophulariacets.  The  scrophularia  tribe.  Nature  of  the  poisonous 
properties  of  the  order.  Types — Scrophularia,  Digitalis,  Verbascum, 
JEuphrasia,  Veronica,  Melampyrum, 

20.  Boraginace<B.  The  borage  tribe.  Peculiarities  of  their  epidermis. 
Useftil  species.  Types — Cynoglossum,  Borago,  Echium,  Myosotis 
lAthospermum, 

21.  Solanacea.  The  tribe  of  deadly  nightshade,  henbane,  tobacco,  and 
potato.  Useful  and  poisonous  species.  T^P^^ — Solanum,  Atropa, 
Hyoscyamus,  Datura. 

22.  Ericacea.  The  heath  tribe.  Its  distinction  from  Epacridacete, 
Types — Erica,  Arbutus,  Vaccinium,  Pyrola,  Monotropa, 

23.  Composite.  The  composite  family.  The  number  of  species  and 
geographical  distribution.  Structure  of  the  sub-orders  Asteracete, 
Cichoracem,  and  Cynaracea,  Types — Tussilago,  Aster,  Inula,  Gna-- 
phalium,  Bellis,  Artemisia,  Achillea,  CarUna,  Carduus,  Cichorium, 
Leontodon,  Lactuca,  Crepis. 

24.  StellatiB,     The  Stellate  tribe.      Its  relation    to    Cinchonacea   and 

Caprifoliaceee,    The  properties  and  useful  plants  of  Cinchonaceae. 
T^pes — Galium,  Rubia, 

25.  UnAellifera,  Umbel  bearing  plants.  Character  of  inflorescence 
and  flowers.  Nature  of  fruit.  Structure  of  cremocarp.  Proper- 
ties of  the  order.  Types — Hydrocotyle,  Sanicula,  Eryngium,  Apium, 
Sium,  JEthusa,  (Enanthe,  Crithmum,  Angelica,  Pastinaca,  Daucus, 
Torilis,  Scandix^  Conium,  Coriandrum. 

26.  Cucurbitacete,  Melon,  cucumber,  and  gourd  family.  Useful  plants 
of  this  order.    Type-^JBryofM«. 

27.  Rosacea.  The  rose,  apple,  cherry,  and  plum  tribe.  Forms  of  the 
fruit.  The  useful  plants  of  this  order.  Types — Prunus,  Spiraa, 
Fragaria,  Rubus,  Geum,  Rosa,  Cratcegus,  Pyrus. 

28.  Leguminos<B.    The  bean,  pea,  and  clover  family.    Principal  divisions 

of  the  family.   Structure  of  the  flowers  and  fruits.    Useful  plants  of 
the  order.    Types — Ulex,  Trifolium,  Vicia,  Astragalus,  Omithopus. 

29.  Crucifera.  Cabbage,  turnip,  and  mustard  tribe.  Structure  of  the 
flowers  and  fruits.  Useful  plants  of  the  order.  Properties.  Types — 
Nasturtium,  Alliaria,  Brassica,  Sinapis,  Armoracia,  Iberis,  Isatis., 
Crambe,  CaHle. 

30.  Papaveracea.    The  poppy  tribe.     Properties  and  mode  of  collecting 
'     opium.    Nature  of  fruit.    Types — Papaver,  Glaucium,  Chelidonium. 

31.  BianunculaceeB.  The  crow-foot  tribe.  Structure  of  abnormal 
genera ;  Aconitum,  Aquilegia,  and  Delphinium.  Nature  of  poison  in 
order.    Types — Ranunculus,  Clematis,  Helleborus,  Posonia,  Anemone. 

Text-books  for  Systematic  Botany. — Lindle/s  Vegetable  Kingdom.  For 
British  Botany. — Bentham's  Handbook  of  the  British  Flora,  or 
Babington's  Manual  of  British  Botany. 

Subject  XVXZZ.— Mining. 

The  Art  of  Mining  embraces  so  wide  a  field  of  study  that  equal  prac*- 
tical  proficiency  in  its  various  branches  is  not  to  be  expected ;  but  those 
who  wish^  to  gain  a  general  knowledge  of  it  may  be  recommended  to 
direct  their  attention  to  the  subjoined  heads,  viz. : 

1.  Geology  and  Mineralogy,  more  particularly  those  portions  of  the 
sciences  which  bear  on  the  following  subjects, — the  nature  and  position 
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in  the  earth's  crust  of  the  useful  minerals,  the  classes  of  rock  with 
which  they  are  severally  associated,  the  special  character  of  heaves, 
throws,  troubles,  and  all  kinds  of  dislocation ;  the  particular  differences 
between  beds  and  lodes,  and  their  minerals,  and  the  chief  features  of 
irregular  repositories. 

2.  The  methods  of  prospecting  and  searching  at  surface  for  ores  and 
other  minerals. 

3.  Breaking  of  ground ;  the  various  implements  employed,  their  form, 
dimensions,  and  weight ;  boring  for  shots ;  the  various  modes  of  firing 
charges.  Heavy  charges,  how  calculated  and  fired;  rules  for  ensuring 
safety. 

4.  Deep  boring,  under  what  circumstances  applicable, — apparatus  for; 
description  of  varieties  in  use ;  lining  of  bore-holes. 

5.  Management  and  supervision ;  payment  of  men  employed  at  mines, 
at  surface  and  underground,  varying  in  principle  with  the  different 
classes  of  operation ;  reasons  for  tut-work  or  piece-work,  and  tribute  or 
bing-tale  under  different  circumstances.  Calculations  for  cost  of  driving, 
sinking,  tramming,  &c. 

6.  Physical  principles  of  ventilation  ;  practice  of  mines  where  simple 
natural  ventilation  is  employed ;  ventilation  of  large  areas  and  of  deep 
or  complicated  workings  by  guiding  the  natural  current;  artificial 
means,  and  their  details,  for  promoting  ventilation.  Precautions  to  be 
taken  under  specially  dangerous  conditions. 

7.  Illumination^  of  various  kinds,  their  economy;  safety  lamps  in  all 
their  best  modifications;  circumstances  under  which  they  should  be 
employed ;  precautions  in  their  use. 

8.  Mechanical  division  of  the  subject.  Strength  of  materials  used  in 
mines ;  human  and  horse  power,  principles  and  construction  of  machines 
to  which  they  are  applied.  Hydraulic  machines :  construction  of  the 
water-wheels,  turbines,  and  pressure  engines  ipost  suitable  to  the  various 
operations  of  mining.  Steam  engines,  for  pumping  and  for  winding ; 
arrangement  and  construction  of  the  varieties  most  in  use.  Form  and 
dimensions  of  boilers.  Pumps  employed  in  mines,  mode  of  placing 
them;  construction  of  the  lifts;  materials  and  details  of  the  rods,  set- 
offs, counterbalances,  cisterns,  and  catches.  Circumstances  under  which 
dams  are  erected  in  shafts  or  levels ;  mode  of  building  them. 

Tubbing  of  water  from  shafts;  conditions  under  which  it  may  be 
done;  details  of  the  operation  with  various  materials,  wood,  brick,  stone, 
cast  and  wrought  iron. 

Rails,  waggons,  and  tubs  for  underground  conveyance ;  employment 
of  horses  and  of  fixed  steam  engines  for  this  purpose. 

Raising  of  the  mineral  through  the  shafts ;  various  methods  in  use ; 
chains,  ropes  (of  hemp  or  wire),  their  weight,  &c.  Details  of  the  best 
application  of  drums,  cages,  guides,  keeps,  and  safety  doors.  Pulleys 
and  shaft  frames  or  poppet  heads;  protection  against  over-winding; 
safety  clutches,  &c.  in  case  of  breakage  of  rope. 

.9.  Opening  of  ground ;  quarries  and  open  work ;  driving  of  levels, 
various  dimensions  and  directions  according  to  circumstances;  sinking 
of  shafts,  inclined  or  perpendicular;  advantages  of  either  kind  under 
certain  conditions ;  means  of  securing  levels  and  shafts  by  timber  or  by 
walling ;  details  of  the  various  methods.  Driving  or  sinking  in  heavy 
or  running  ground. 

10.  Working  excavations ;  plan  of  lajring  them  out,  and  means  of 
security  to  be  adopted  whilst  they  are  kept  open.  This  will  include  the 
atoping  of  metalliferous  veins,  and  the  various  modifications  of  post  and 
stall,  long-work,  &o.,  which  are  applied  to  stratified  depositii, 
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11.  Travelling  in  shafts;  prevention  of  accidents  by  proper  fittii^f  and 
dividing;  mode  of  placing  ladders  and  soUars ;  lifting  machine  for  men, 
construction  aiid  advantages  of. 

12.  Dressing  of  minerals.  Arrangement  of  dressing  floors.  Con- 
struction of  crusher  and  stamps ;  washing  of  coal ;  jigging,  concen- 
tration, and  separation  of  metallic  minerals. 

The  student  may  be  advised  among  other  sources  of  information  to 
consult  the  following  works : — 

De  la  Beche's  Report  an  Cornwall  and  Devon.  Greenwell's  Treatise 
on  Mine-Engineering,  Dunn  on  the  Winning  and  Working  of  Col- 
lieries, Hedley  on  Colliery  Working  and  Ventilation.  Smyth's 
Rudimentary  Coal  and  Coal  Mining.  Evidence  before  Committees 
of  the  Houses  of  Lords  and  Commons  en  Accidents  in  Mines. 
Reports  of  H.M.  Inspectors  of  Coal  Mines.  Transactions  of  the 
Northern  Institute  of  Mining  Engineers. 

Subject  XXX.— Metallor^. 

Z.  Introduction. 

On  certain  physical  properties  of  metals.  Action  of  heat,  specific 
granty,  crystallization,  fracture,  malleability,  ductility,  tenacity,  con- 
ductivity of  heat  and  electricity,  opacity,  lustre,  colour.  General  con- 
siderations on  metallurgical  processes.  Modes  of  occurrence  of  metals 
in  nature,  ores,  reduction,  smelting,  roasting,  liquation,  slags. 

ZZ.  FneL 

General  remarks,  calorific  power,  calorific  intensity,  classification  of 
fuels,  wood,  peat,  lignite,  coal,  charcoal,  coke,  gaseous  fuel  and  gas 
furnaces,  charcoal  burning,  coke  burning,  typical  varieties  of  coke  ovens, 
comparison  of  fuels  with  respect  to  calorific  power.  This  important 
branch  of  the  subject  is  ti*eated  with  much  detail. 

ZZZ.  Xefiractory  n&aterlals  employed  In  tbe  construction  of 
ftumaces,  cruciblesf  4tc. 

Fire-clays  British  and  foreign,  crucibles  of  various  kinds,  plumbago 
and  its  application  to  crucibles,  manufacture  of  crucibles,  fire-bricks, 
silica  and  its  applications,  Dinas  fire-bricks,  sand  and  sandstones. 

ZV.   Special  Metallurery* 

Copper. — Compounds  of  special  importance  in  the  metallurgy  of  this 
metal  fully  described,  such  as  the  disulphide,  oxides,  &c.,  ores  of  cop- 
per, copper-smelting  in  reverberatory  and  blast  furnaces,  reactions 
occurring  in  the  process,  kernel-roasting,  *  wet '  methods,  of  extracting 
copper  from  its  ores,  assaying  of  copper  ores  by  *  dry '  and  '  wet '  methods, 
ship  sheathing. 

Zinc. — In  describing  the  metallurgy  of  zinc  and  the  following  metals, 
the  same  plan  will  be  followed  as  in  describing  the  metallurgy  of  copper, 
that  is  to  say,  the  compounds  of  special  metallurgical  importance  will  be 
first  considered  in  detail,  as  well  as  the  reactions  upon  which  the  various 
processes  of  smelting  essentially  depend,  and  the  construction  of  the 
furnaces  will  be  fully  explained.  Ores  of  zinc,  English,  Belgiail,  Silesian, 
and  Carinthian  methods  of  extraction,  assaying  of  zinc  ores  brass,  its 
history,  properties  and  manufacture. 

'  Lead. — Ores  of  lead,  lead  smelting  in  the  *  ore-hearth,'  low  blast  and 
reverberatory  furnaces,  lead-fume  and  various  methods  adopted  for  its 
condensation,  assaying  of  lead  ores. 

Silver. — Ores  of  silver ;  smelting  of  silver  ores  with  lead ;  cupellation  ; 
desilverization  of  lead  by  Pattinson's  process,  also  by  that  of  Parkes ; 
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treatment  of  arffentiferous  copper  by  liquation;  extraction  of  silver; 
amalgamation,  the  old  Freiberg  method  and  the  Mexican;  Ziervogeland 
Augustin's  *  wet '  methods ;  treatment  of  argentiferous  copper-regulus ; 
alloys  of  silver  and  copper;  standard  silver ;  assaying  of  silver  ores  and 
alloys. 

Gold, — Modes  of  occurrence  of  gold  in  nature ;  extraction  by  amalga- 
mation and  by  smelting  with  lead ;  chlorine-water  as  a  solvent  for  the 
extraction  of  gold  from  certain  ores ;  separation  of  gold  from  silver  or 
parting  by  nitric  and  by  sulphuric  acids;  alloys  of  gold  with  the 
preceding  metals;  standard  alloys;  assaying  of  aunferous  ores  and  alloys. 

Mercury. — Ores  of  mercury;  extraction  in  the  Almaden,  Idrian;  and 
Hahner  furnaces ;  in  retorts  in  admixture  with  reducing  agents ;  assaying 
of  the  ores  of  mercury. 

Antimony. — Ores  of  antimony;  liquation  of  the  native  sulphide  and  its 
subsequent  reduction  by  iron  or  other  agents ;  alloys  of  antimony,  type 
metal,  &c. ;  assaying  of  the  ores  of  antimony. 

Bismuth. — Mode  of  occurrence  in  nature;  its  extraction  from  ores 
containing  it  by  liquation ;  alloys  of  bismuth. 

Nickel. — Ores  of  nickel;  modes  of  extraction,  generally  by  a  com- 
bination of '  dry '  and  *  wet '  processes ;  alloys  of  nickel,  especially  those 
known  as  German  silver ;  assaying  of  nickeliferous  ores  and  alloys. 

Cobalt. — Ores  of  cobalt ;  smelting  and  preparation  of  zuffire  and 
cobalt  colours,  smalts,  &c. ;  separation  of  nickel ;  assaying  of  cobalt  ores. 

Arsenic. — Mode  of  occurrence  in  nature ;  arsenious  acid  or  '  glass '  of 
arsenic,  generally  obtained  as  a  secondary  product  in  the  treatment  of 
certain  other  ores,  such  as  those  of  nickel,  cobalt,  &c. ;  modes  of  con- 
densation of  arsenical  fumes ;  preparations  of  arsenical '  glass,' 

Tin. — Ores  of  tin ;  smelting  in  reverberatory  and  blast  furnaces ;  tin 
refining ;  varieties  of  tin  in  commerce ;  aUoys  of  tin,  with  the  preceding 
metals,  bronze,  gun-metal,  bell-metal,  &c. ;  assaying  of  tin-ores. 

Iron. — Malleable  iron ;  steel ;  pig-iron ;  ores  of  iron,  direct  extraction 
of  iron  in  the  malleable  state  from  the  ore;  smelting  of  iron  in  the 
modem-blast  furnace;  construction  of  blast-furnaces  and  blowing 
machines ;  economic  application  of  the  waste  gases ;  conversion  of  pig  into 
bar  iron  in  open  hearths  and  in  the  reverberatory  furnace ;  manu^cture 
of  steel  by  various  methods.  This  department  of  the  subject  will  be 
treated  at  considerable  length. 

Various  Metals. — Platinum  and  its  associated  metals;  cadmium; 
sodium;  aluminium;  tungsten;  titanium;  manganese. 


Subject  XX.— Navig^tioii. 

1.  Elementary    Principles. — Problems  relating  to  latitude,  longitude^ 

differences  of  latitude,  and  differences  of  longitude. 
Relation  between  an  arc  of  a  parallel  of  latitude  and  an  arc  of  the 

equator.    Principles  of  plane  sailing  and  middle  latitude  sailing. 

Principles  of  Mercator's  sailing.     Mercator's  chart.     Principles  of 

great  circle  sailing.    The  compass  and  its  corrections. 
(1.)  Variation.     (i>.)  Deviation.      (3.)  Local   attraction.     (4.)  General 

theory  of  deviation  (Towson's  Practical  Information,  first  60  articles). 

Correction  of  courses  for  variation,  deviation,  and  leeway.    The 

log.     Correclion  of  estimated  distances  run  for  errors  in  the  log 

line  and  glass.     Plane  sailing.     Traverse  sailing.     Middle  latitude 

sailing.     Mercator's  sailing,  with  examples. 
To  find  difference  of  longitude  made  on  a  traverse.    Sea  journal.    A 

day's  work.     Practice  of  great  circle  sailing.    Circular  arc  sailing. 

Tides.    Winds.     Cyclones.    To  find  bearing  of  a  circular  storm ; 

veermg  of  wind ;  heaving  to;  and  saiUng  from  centre  of  gale. 

Construction  of  tables  of  meridional  parts. 
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Description  and  use  of  sextant,  with  the  theory,  ac^ustments,  and 
errors. 

For  students. — ^To  obtain  a  5th  class,  as  far  as  principles  of  plane 
sailing.    The  compass  and  correction  of  courses. 

To  obtain  a  4th. — As  far  as  Mercator's  sailinjir,  with  examples. 

For  third,  second,  and  first  class  Queen's  prizes,  a  proportionate 
knowledge  of  the  remainder. 


Subject  X3CZ.— Nautical  Astronomya 

Definitions.  Time,  apparent,  mean,  sidereal,  &c.  Equation  of  time.  To 
express  interval  of  mean  or  sidereal  time  in  parts  of  sidereal  or 
mean  time  respectively.  To  convert  arc  into  time,  and  conversely. 
To  fijid  Greenwich  date.  To  take  out  right  ascension  of  sun  for  a 
given  mean  Greenwich  date. 

Correction  of  altitudes.  Dip.  Parallax.  Refraction.  Augmentation 
of  moon's  semi-diameter.  Reduction  of  altitude  of  a  heavenly 
body  observed  at  one  place  to  what  it  would  have  been  if  observed 
at  another.    The  chronometer  and  its  use,  error,  and  rate. 

Latitude  by  meridian  altitude  of  sun,  and  fixed  star. 

Latitude  by  meridian  altitude  of  moon.  To  find  Greenwich  mean  time 
of  moon's  meridian  passage.  To  find  semidiameter  and  horizontal 
parallax  of  moon  for  a  given  Greenwich  date.  To  take  out  from 
Nautical  Almanac  moon's  declination,  &c. 

To  find  local  and  Greenwich  mean  time  of  passage  of  a  star  over  a 
given  meridian  on  a  given  day.  Latitude  by  altitude  of  sun,  star, 
or  moon  below  the  pole  and  by  pole  star.  Latitude  by  altitude  of 
sun  or  other  heavenly  body  near  the  meridian.  Calculations  of 
hour  angles.  Meridian  distances.  Right  ascensions.  Computa- 
tions of  time.  Error  and  rate  of  chronometer.  Computation  of 
mean  or  apparent  time  at  any  place  from  observed  altitude  of  a 
heavenly  body.  Longitude  by  chronometer.  Error  in  hovx  angle 
from  error  in  observed  altitude.  Variation  of  compass.  Azimuth, 
altitudes,  amplitudes,  determination  of  true  bearings.  True  azimuth 
from  altitude  of  heavenly  body  and  without  observed  altitude. 
True  bearing  of  a  point  of  land,  &c.,  by  observed  angular  distance 
from  the  sun.  Variation  of  compass  from  observed  amplitude  of  sun. 

Deviation  of  compass,  from  Art.  60  to  end  of  Towson's  Practical  Infor- 
mation.    Sumner's  method  of  finding  longitude  and  latitude. 

Method  of  double  altitudes.  Ivory's  and  direct.  Error  of  chronometer 
by  equal  altitudes  of  sun  and  fixed  star.  To  compute  apparent 
altitude  of  a  heavenly  body  when  its  true  altitude  is  given. 

Methods  of  clearing  a  lunar  distance  from  the  effects  of  parallax  and 
refraction.  To  find  Greenwich  date  corresponding  to  a  given  true 
lunar  distance,  &c.  To  find  the  altitudes  when  a  lunar  distance  is 
taken  from  altitudes  before  and  afrer  taking  the  distance.  To  find 
the  longitude  by  a  limar.    Rate  of  chronometer  by  a  lunar. 

Obs. — In  all  the  above  problems  the  demonstration  of  the  rules  as 
well  as  accurate  practical  working  is  required. 

For  students. — ^To  obtain  a  5th  class,  a  knowledge  of  the  elementary 
principles,  and  finding  latitude  by  meridian  altitudes  of  a  heavenly  body. 

To  obtain  a  4th,  the  above,  with  variation  of  compass  from  altitudes 
and  azimuths,  and  rate  of  chronometer,  and  longitude  by  chronometer, 
is  required. 

For  third,  second,  and  first  class  dueen^s  prizes,  a  more  or  less  accurate 
knowledge  of  the  remainder. 
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Subject: 

1 .  General  Properties  of  Steam. — General  effects  of  heat  and  cold,  with 
practical  applications  of  the  principle.  Law  of  expansion  by  heat 
not  universal.  Beneficial  result  of  this  anomaly.  To  ascertain  the 
temperature  of  any  substance.  Pyrometer.  Thermometer — Descrip- 
tion—Graduation. Comparison  of  thermometers  when  differently 
graduated.  Laws  of  cooling.  Conduction.  Conducting  powers  of 
bodies.  Convection.  Explanation  ofsome  natural  phenomena  by  this 
law.  Ra^tion.  Radiating  power  of  bodies.  On  what  it  depends. 
Land  and  sea  breezes.  Capacity  for  heat.  Unit  of  caloric.  Latent 
heat.  Under  what  circumstances  heat  becomes  latent.  Heat  sole 
agent  in  melting  and  vaporising  bodies.  Calorimeter.  Sources  of 
heat.  Combustion.  Temperature  necessary  for  it.  Boiling  point. 
Temperature  of  elastic  fluids.  Vapour.  Formation  of  dew.  Dis- 
tinction between  vapour  and  steam.  Boiling  points  of  fresh  and 
salt  water.  Distillation.  High-pressure  steam.  Measure  of  steam 
by  atmospheres.  Steam  when  in  contact  and  when  not  in  contact 
with  boiling  water.  Relation  between  pressure,  density,  and  tem- 
perature of  steam.  Specific  gravity  of  steam.  Common,  super- 
heated and  surcharged  steam.     Priming.  Analysis  of  sea  water. 

3.  Steam  Engine.—  General  principles.  Different  kinds.  Engines  in  use 
before  Watt.  Newcomen's  engine.  Its  defects.  Discoveries  of 
Watt.  Blo>ving  through.  Defects  in  atmospheric  engines.  Single 
acting  and  double  acting  engines.  Expansion  valve.  Cornish — 
High-pressure  or  non-condensing  engins.  Marine  steam  engine. 
Different  descriptions.  Side-lever  marine  engine.  Blow-valve. 
Stufl&ng  boxes.  Piston  of  steam  cylinder.  Working  parts.  Working 
of  the  slides,  strap,  gib,  and  cutter.  Escape  valve  of  cylinder. 
Parallel  motion.  Hall's  condensers.  Test  cocks.  Grease  cocks. 
Grease  cups  of  slides.  Annular  air-pump  bucket.  Annular 
delivery  valve.  Various  kinds  of  slides.  Cushioning.  Lead.  Lap, 
its  effects.  The  eccentric.  Thi*ow  and  stops  of  ditto.  To  find  the 
travel  of  the  slide.  Back-lash.  Double  eccentric.  Throttle  valve. 
Expansion  valve  and  various  kinds.  Barometer  or  condenser 
gauge.  Method  of  estimating  pressure  by  it.  Errors  in  this 
method,  and  correction  of  the  same.  Lubricators,  &c.  Number 
of  engines  in  a  steamer.  Expansion  cams  and  gear.  Feed  pumps. 
Bilge  pumps.  Modes  of  propulsion.  Paddle  wheels.  Pitch,  Reefing. 
Disconnexion  and  immersion  of  wheels.  Brakes. — Modes  of  fitting. 
The  screw  propeller.  Length,  anglcj  pitch,  slip,  area  of  screw 
blade.  Disconnecting  and  raising  screw.  Governors.  Direct 
acting  engines.  Gorgon — Fairbairn's  double  cylinder,  oscillating, 
trunk  engines,  &c.  Engines  for  screw  propellers.  Direct  acting, 
with  and  without  multiplying  gear.  Oscillating  horizontal  and  trunk 
engines.    Double  acting  air-pump. 

3.  Boilers. — Description.     Gear  connected  with  them.    Tubular  boiler. 

Number  of  boilers.  Steam  chest.  Safety  valve.  Waste.  Steam 
funnel  and  drip  pipe  to  steam  gauge.  Wash  or  dash  plates.  The 
funnel  dampers.  Reverse  valve.  Communication  or  stop  valve. 
Blow-out  cocks.  Circulating  pipes.  Brine  pumps.  Brine  valves. 
Refrigerators. 

4,  Calculations. — Methods  of  measuring  efficiency  of  steam  engines. 

Duty  of  an  engine.  Horse  power.  Mercantile  or  nominal  horse 
power.  Horse  power  from  the  evaporation  in  the  boiler.  De 
Pambour's  theory.  Velocity  of  maximum  useful  effect.  To  find 
evaporation  of  a  condensing  engine  of  given  diinensions  and  horse 
power,  the  piston  moving  with  a  given  velocity  with  and  without 
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expansion.  To  find  the  pressure  in  cylinder,  knowing  the  effective 
evaporation.  To  find  the  diameter  of  a  cylinder  to  work  at  a  certain 
speed,  knowing  the  evaporation.  To  find  the  evaporation  in  the 
boiler,  knowing  the  diameter  and  velocity  of  piston  and  pressure  of 
steam  in  the  cylinder  with  and  without  expansion.  Same  for 
locomotive.  Watt's  engines,  &c. 

The  screw — ^to  find  its  area.  Angle  of  the  helix  or  thread  of  the 
screw  propeller — to  find  the  pitch.  The  power  exerted  by  a  screw. 
How  for  slip  depends  on  form  and  dimensions  of  the  screw.  Motion 
of  paddle-wheels,  &c.  Consumption  of  fuel.  Measure  of  locomo- 
tive performance  of  marine  steam  engines.  To  find  the  angle  the 
crank  has  moved  through  when  the  piston  is  at  a  given  distance  Irom 
the  top  of  the  stroke.  Amount  of  work  developed  by  crank  in  a 
half-revolution — length  of  radius-bar  in  side  lever  engine.  Work 
done  in  the  up  and  down  stroke  of  the  air  pump.  The  best  tempe- 
rature for  the  condenser  of  a  steam  engine.     Qualities  of  fuel,  &c. 

6.  Practical  working. — Getting  up  steam.  Mode  of  starting.  Working 
engines  at  moorings.  Priming— causes  and  remedies.  Banking 
up  and  putting  back  fires,  &c.  Duties  to  machinery  when  under 
steam,  boiler,  fires,  &c.  Injection  pipes.  Kingston's  valves.  "  Leaks 
in  engines.  Bearings  of  engines.  Expansive  working.  Manage- 
ment of  fiiel.  Damages  and  repairs  to  boiler,  &c.,  after  accidents. 
Duties  to  engine,  &c.,  on  arriving  in  harbour. 

6.  Indicator. — The  ends  it  fulfils.  Description.  Atmosphei-ic  line. 
Method  of  taking  a  diagram.  The  general  configuration  of  diagram 
to  be  expected  under  various  circumstances.  The  slide-diagram. 
Examination  of  Indicator-diagram  when  steam  is  throttled ;  when  ex- 
pansive gear  alone  used,  and  in  other  cases.  To  ascertain  the  horse- 
power of  an  engine  by  means  of  the  indicator.  To  find  quantity  of 
water  evaporated.  -  Friction  of  steam  engine  without  load.  Diagram 
when  there  is  no  condensation.  Diagram  showing  the  relative 
motions  of  slide  and  piston  at  every  point  of  the  stroke. 

Dynamometer.    To  find  horse-power  of  engine  by  means  of  it. 

The  text  books  specially  recommended  are — The  Marine  Steam  Engine, 
by  Professor  Main  and  Mr.  Brown,  R.N.,  Longmans  and  Co. ;  Main 
and  Brown's  Indicator  and  Dynamometer ;  De  Pambour's  Theory 
of  the  Steam  Engine. 


Subject  XXZZX.— Physical  Oeog^raphy* 

The  following  very  brief  outline  of  the  principal  branches  of  this 
subject  may  be  useful : — 

a.  So  much  elementary  astronomy  as  relates  to  the  position  of  the 

earth  in  the  solar  system,  its  magnitude  and  rotation,  and  the 
influence  of  the  sun  and  moon  on  terrestrial  phenomena. 

b.  So  much  of  elementary  physics  and   inorganic  chemistry  as 

includes  the  nature  and  mode  of  action  of  the  physical  forces 
and  the  composition  of  rocks. 

c.  So  much  of  elementary  geology  and   mineralogy  as  includes 

a    knowledge  of   the  nature  of   rocks,  their  superposition, 
succession,  and  disturbances. 

d.  So  much  of  palaeontology  as  includes  a  knowledge  of  the  dis- 

tribution of  life  in  time. 
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I.  The  diBtribution  of  land.  Form  of  land,  continental  and  insular. 
Elevation  of  land.  Mountains.  Plateaux  or  table-lands.  Low 
plains.    Yallqrs.    Deltas.    Grouping  of  islands. 

II.  Phenomena  of  water.  Oceans  and  inland  seas.  Composition 
and  temperature  of  oceans.  Movements  of  water.  Tides  and 
cunents.  Waves.  Lakes.  Rivers  and  nver  systems.  Water- 
£idls.  Circulation  of  water  on  the  globe.  Ice.  Glaciers. 
Springs. 

III.  Phenomena  of  the  atmosphere;    its  nature  and  composition. 

Effects  of  heat  on  air.  Winds.  Periodic  winds.  Storms  of 
various  kinds.  Electric  storms.  Magnetic  storms.  Effects 
of  moisture  in  the  air.  Dew.  Clouds  and  rain.  Estimate  of 
rain-fall.    Climate  and  weather. 

IV.  Volcanic  and  earthquake  phenomena.  Distribution  of  volcanoes. 

Volcanic  groups.  Nature  of  an  eruption.  Nature  of  earth- 
quakes. Range  of  earthquakes.  Stalistics  of  earthquakes. 
Result  of  volcanic  action  and  upheaval  on  the  physical  con- 
dition of  the  land. 

V.  Distribution  of  vegetation  on  the  globe  in  space,  horizontal  and 
vertical.  Influence  of  climate  and  soil  on  natural  groups  of 
plants.  Representative  forms  of  plants.  Range  of  cultivated 
plants. 

VI.  Distribution  of  animals  in  space.  Zones  of  height  in  the  air  and 
of  depth  in  water.  Corresponding  forms  of  animal  life  in 
different  zones  or  belts.  Relation  between  parallels  of  latitude 
and  zones  of  height  or  depth.  Special  distribution  of  certain 
classes  and  groups  of  aninuds. 

VII.  Distribution  of  plants  and  animals  in  time. 

VIII.  Ethnology.  Families  of  the  human  race.  Geographical  limit  of 
certain  races.  First  introduction  of  the  human  femily.  Modi- 
fication of  the  races  of  men.  Influence  of  man  on  vegetation 
and  on  animals.  Extinction  of  races  by  human  influence. 
Influence  of  man  on  inorganic  nature. 

The  text-books  reccmmended  are — 

Ansted's  Physical  Geography  (2nd  edition) ;  Johnston's  smaller 
Physical  [Atlas ;  Maury's  Physical  Geography  of  the  Sea  (last 
edition). 
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List  of  Science  Schools,  giving  the  Number  of  Students 
returned  as  under  Instruction  in  May  1866  and 
Mat  1867,  and  the  Number  of  Prizes  and  Medals 
obtained  in  May  1866  and  May  1867. 
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